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There  has  been  an  increasing  interest  in  the  acquisition 
of  vocational  skills  by  severely  or  profoundly  retarded 
persons.   Various  investigators  have  successfully  demonstrated 
that  severely  and  profoundly  retarded  persons  can  learn  a 
variety  of  tasks  in  a  variety  of  vocational  settings. 

With  the  advent  of  community  placement  in  the  least 
restrictive  environment  for  all  mentally  retarded  individuals, 
the  question  now  facing  habilitation  specialists  is  how  to 
most  effectively  and  efficiently  teach  vocational  skills  to 
persons  who  are  severely  or  profoundly  retarded.   One  way  of 
effectively  answering  this  question  is  through  an  experimental 
examination  of  the  procedure  for  establishing  and  maintaining 
stimulus  control  through  the  use  of  an  operant  chain. 

From  a  review  of  literature,  it  is  evident  that  research- 
ers have  made  nonemperically  based  decisions  for  using  any  one 


of  three  training  procedures,  backward  chaining,  forward 
chaining,  or  total  task  presentation.   It  is  evident  that 
an  investigator's  choice  of  a  particular  procedure  is  intrin- 
sically tied  to  his/her  training  history.   To  date,  no  one 
procedure  has  been  empirically  proven  to  be  superior  to  any 
other  procedure.   Generally,  investigators  have  suggested 
that  backward  or  forward  chaining  procedures  have  been 
superior  to  total  or  whole  task  procedures;  however,  no 
investigator  has  been  able  to  demonstrate  the  superiority 
of  one  method  over  another  for  vocational  training  tasks. 
In  this  study,  the  effectiveness  and  efficiency  of  the  back- 
ward chaining  procedure  and  the  total  task  presentation  pro- 
cedure were  compared. 

Subjects  were  randomly  selected  from  a  population  of 
severely  and  profoundly  retarded  persons  at  a  state  insti- 
tution for  the  retarded  in  Florida.   Subjects  were  further 
selected  from  the  general  population  of  the  institution 
using  the  following  criteria:   (a)  age  range,  16-60  years; 
(b)  IQ  range,  15-35;  (c)  no  hand  dexterity,  visual,  or  hearing 
difficulties;  and  (d)  no  self -mutilating  behaviors.   Eight 
subjects  were  selected  for  participation  in  the  experiment. 
The  subject  performances  were  evaluated  by  two  means: 
(a)  trials  to  criteria,  and  (b)  celeration. 

The  design  for  the  study  was  single  subject  in  nature. 
A  multiple  baseline  procedure  across  subjects  with  inter-  and 
intrasubject   replication  was  used.   Data  were  evaluated  by 
visual  inspection  of  the  subjects'  noncumulative  response 
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records  and  distributions  of  the  subjects'  response  dura- 
tions. 

From  analysis  of  the  results  it  may  be  concluded  that 
for  both  the  celeration  measure  and  the  trials  to  criterion 
measure  the  total  task  procedure  was  superior  to  the  back- 
ward chaining  propedure.   All  but  two  subjects  (i.e.,  Subject 
6  and  Subject  8)  reached  the  predetermined  criterion  on  their 
respective  task. 
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CHAPTER  I 
INTRODUCTION 

Over  the  past  two  and  a  half  decades,  there  has  been 
an  increasing  number  of  investigators  demonstrating  success- 
ful vocational  training  procedures  for  severely  and  pro- 
foundly retarded  persons  (Bellamy,  Peterson,  &  Close,  1975; 
Clark  &  Hermelin,  1955;  Crosson,  1967;  Gold,  1972,  1974, 
1976;  Hunter  &  Bellamy,  1976;  Loos  &  Tizard,  1955;  O'Neill 
&  Bellamy,  1978).   The  question  as  to  whether  severely  or 
profoundly  retarded  persons  can  be  taught  the  skills  neces- 
sary to  function  independently  in  a  sheltered  vocational 
setting  has  not  only  been  answered  in  the  affirmative,  but 
also  has  been  replicated  across  tasks,  settings,  and  subjects 
numerous  times. 

The  salient  question  now  facing  habilitation  special- 
ists is  how  to  most  efficiently  and  effectively  teach  voca- 
tional skills  to  persons  who  are  severely  or  profoundly 
retarded.   Many  investigators  have  suggested  that  one  of 
the  first  steps  in  establishing  a  training  program  is  to 
conduct  a  thorough  analysis  of  the  components  of  a  task  to 
be  completed  (Bellamy  et  al . ,  1975;  Close,  Irvin ,  Prehm, 
&  Taylor,  1978;  Gold,  1976;  Spooner  &  Reid,  Note  1).   In 
addition  to  task  analysis,  Bellamy,  Inman  and  Schwarz  (1978) 


have  suggested  that  shaping,  physical  priming,  modeling, 
and  verbal  directions  are  additional  practical  techniques 
in  the  teaching  of  new  response  topographies. 

Stimulus  control  is  another  area  to  be  emphasized  when 
one  is  interested  in  the  efficient  and  effective  acquisi- 
tion of  vocational  response  topographies  by  severely  and 
profoundly  handicapped  adults  and  adolescents.   Bellamy 
et  al .   (1978)  have  suggested  three  techniques  found  to 
be  effective  in  improving  stimulus  control.   The  first  tech- 
nique is  the  use  of  differential  reinforcement  (i.e.,  rein- 
forcing appropriate  responses  and  not  reinforcing  inappropri- 
ate responses,  extinction).   A  second  technique  is  to  manipu- 
late the  stimulus  features  of  the  task  in  order  to  accentuate 
the  relevant  dimension  to  which  the  trainee  must  attend 
and  respond  differentially.   The  third  technique,  another 
antecedent  related  method,  involves  the  gradual  fading  of 
trainer  assistance. 

An  investigation  concerned  with  the  utility  of  efficient 
and  effective  acquisition  of  complex  vocational  tasks  by 
severely  and  profoundly  retarded  learners  would  be  useful 
to  professionals  who  work  for  the  vocational  habilitation 
of  this  population.   Such  an  investigation  would  also  be 
of  value  to  researchers  in  that  it  would  help  identify  other 
relevant  dimensions  of  vocational  acquisition  such  as  learner 
specific  procedures. 


Statement  of  the  Problem 

Although  many  investigators  (Bellamy  et  al . ,  1975; 
Bellamy  et  al . ,  1978;  Gold,  1972,  1976;  Spooner  &  Hendrick- 
son,  1976)  have  suggested  that  varied  distinct  methods  of 
vocational  training  (i.e.,  task  analysis,  shaping,  physical 
priming,  etc.)  are  effective;  the  question  of  how  to  best 
teach  vocational  skills  to  severely  or  profoundly  retarded 
learners  has  not  yet  been  answered.   One  way  of  effectively 
answering  this  question  is  through  an  experimental  examination 
of  the  procedure  for  establishing  and  maintaining  stimulus 
control  (i.e.,  through  the  use  of  an  operant  chain).   A  chain 
is  a  specified  series  of  responses,  each  of  which  is  associated 
with  a  unique  stimulus  condition.   With  a  chain  each  relevant 
stimulus  condition  should  function  in  two  ways:   First,  each 
discriminative  stimulus  (except  for  the  very  last)  should  set 
the  occasion  for  the  subsequent  response  in  the  chain;  and 
second,  each  stimulus  should  function  as  a  conditioned  (secon- 
dary) reinforcer  for  the  previous  response  (Bellamy  et  al . , 
1978;  Kelleher,  1966). 

The  training  issue  then  becomes  how  to  best  teach  a 
sequence  of  responses  most  effectively  so  that  the  dual 
function  of  the  associated  stimuli  is  established  and  subse- 
quent responding  is  free  of  errors  and  pauses.   Three  forms 
of  operant  chaining  have  been  used  in  training  severely  or 
profoundly  retarded  individuals  to  perform  various  tasks. 
The  three  forms  of  operant  chaining  are:   (1)  backward, 


(2)  forward,  and  (3)  a  variation  of  forward,  total  task 
(see  Table  1) . 

At  the  time  of  this  investigation  only  one  set  of  in- 
vestigators has   asked  the  emperical  question  as  to  which 
of  these  three  formats  (backward,  forward,  or  total  task 
chaining)  is  the  most  efficient  in  the  training  programs 
concerning  vocational  tasks  for  retarded  learners  (Walls, 
Zane ,  &  Ellis,  in  press). 

Question  Under  Investigation 

The  proposed  research  question  under  investigation 
is:   Which  of  two  training  procedures  (1_  backward  chaining 
or,  2    total  task  presentation)  is  more  effective  and  effi- 
cient when  a  severely  or  profoundly  retarded  individual 
is  learning  to  complete  complex  assembly  tasks. 

Rationale 

At  the  core  of  an  effective  vocational  training  strategy 
are  three  important  points.   First,  the  ultimate  goal  of 
society  for  all  adults  is  independent  living  and  gainful 
employment  (Larson  &  Spreitzer,  1977;  Morgenstern  &  Smith, 
1973;  Neff,  1968;  Nirje,  1970;  Perske  &  Smith,  1977;  Rosen, 
Clark,  &  Kivitz,  1977).   Since  our  capitalistic  society 
sanctions  gainful  employment  for  all  of  its  adult  members; 
it  would  seem  reasonable  that  society  would  be  in  favor 
of  any  activity  that  has  the  potential  to  change  a  population 
sector  from  economic  consumers  (Farber,  1968),  to  contributors 


Table  1.   Procedures  used  in  vocational  training  of 
severely/profoundly  retarded  persons 


Procedure 


Investigator 


Tasks 


Backward  Chaining 


Bensberg,  Caldwell,  Dressing 
&  Cassell  (1965) 

Breland  (1965)  Dressing 

Bensberg  &  Slominski  Dressing 
(1965) 

Ball,  Seric,  &  Payne  Dressing 
(1971) 

Minge  &  Ball  (1967)  Dressing 

Horner  (1970)  Dressing 

Watson  (1972)  Dressing 

Prill  (1977)  Tool  Use 

Spooner  &  Hendrickson  Packaging 
(1976) 


Forward  Chaining 


Modified  Forward 
Chain 

Modified  Forward 
Chain 


Hunter  &  Bellamy 
(1976) 

O'Neill  &  Bellamy 
(1978) 

Spooner  &  Reid 
(Note  1) 


Cable  harness 
assembly 

Chain  saw 
links 

Planter 
assembly 


Total  Task 
Presentation 


Horner  &  Keilitz 
(1975) 

Gold  (1972) 


Gold  &   Barclay 
(1973b) 


Tooth  brushing 


15  piece  &  24 
piece  caliper 
bicycle  brake 
assembly 

12  piece 
bicycle  brake 
assembly 


Table    1.      Continued 
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Procedure 


Investigator 


Tasks 


Total  Task 
Presentation 


Gold  (1974) 


Gold  (1976) 


Spooner  &  Hendrickson 
(1976) 

Spooner,  Spooner,  & 
Reid  (Note  2) 


12  piece 
bicycle  brake 
assembly 

14  piece 
bicycle  brake 
assembly 


Packaging 

Drain 
assembly 


Not  Specified 


Tate  &  Baroff  (1967) 

Levy  (1975) 
Pomerantz  (1975) 


Bellamy,  Oliver  & 
Oliver  (in  press) 

Friedenberg  &  Martin 
(1977) 


Circuit  relay 
panel 

Circuit  boards 

14  piece 
bicycle  brake 
with  children 

Small  parts 
assembly 

Foot  operated 

stapling 

machine 


Second,  although  American  society  seems  to  support 

and  sanction  gainful  employment  for  all  adult  persons,  Gold 

(1973)  states  that 

Retarded  persons  have  been  relegated   to  mundane, 
unskilled,    menial   jobs.      The  productivity   of 
mentally   retarded    individuals,    as   defined  by    their 
performance    in    sheltered  workshops   and  vocational 
training   programs    throughout    the   United   States, 
is   considerably   less    than   that   of  normal    individ- 
uals  doing   similar  kinds    of  work.       (p.    41,    1973) 

If   retarded  persons    in   general   have  been   left    to   do 
menial    tasks    in    sheltered  workshops,    the    severely    or   pro- 
foundly  retarded  population  has  been,    for   all   practical 
purposes,    excluded  from  participation   in   the  work  force 
altogether    (Spooner   &  Hendrickson,    1976).      The  behaviors    of 
severely   and  profoundly   retarded  persons  have  been   defined 
as    (1)    self-abusive,    (2)    stereotypic,    and    (3)    unproductive 
(Sontag,    Burke,    &  York,    1973).      In  general,    the  behavior   char- 
acteristics  of    these  populations   could  be   described  as   deviant, 
or  as   Farber    (1968)    suggests,    incompetent. 

What   exists    then    is   a   continuum   of   competence   and   deviance 
(see  Figure   1).      Historically,    the  American  public  views    this 
continuum  as    the   normal   population   possessing    the    competence 
and    the   retarded  people   possessing    the    deviance. 

Gold    (1975a)    adds   new  perspective    to    this   continuum 
by   a   hypothesis:      The  more    competence   an    individual   has, 
the  more   deviance   will   be    tolerated    in  him  by    others.       Said 
another  way,    Gold's   Competence--Deviance   Hypothesis    suggests 
that    in    order    to   change  America's   views   concerning    the 
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(-) -3    -2   -1    0    +1    +2    +3 (+) 

Deviance  Competence 

Figure  1.   Continuum  of  deviance  and  competence. 


vocational  habilitation  of  severely  or  profoundly  retarded 
persons,  complex  tasks  should  be  chosen  as  the  vehicle  for 
training.   One  way  a  retarded  individual  can  gain  credibility 
among  the  nonretarded  members  of  society  is  through  the 
learning  of  complex  tasks. 

If  complex  tasks  (bicycle  brakes,  circuit  boards,  drain 
assemblies)  are  to  be  the  vehicle  for  training,  then  it 
is  imperative  that  the  dual  function  (i.e.,  discriminative 
stimulus  and  conditioned  reinforcer)  of  a  response  chain 
be  most  effectively  utilized.   It  is  only  through  the  acquisi- 
tion of  skills  necessary  to  complete  complex  tasks  that 
retarded  persons  of  all  functioning  levels  will  be  able  to 
fill  meaningful  positions  in  industry.   Without  these  skills 
retarded  persons  of  all  functioning  levels  will  be  left  to 
continue  to  fill  the  same  historical  position,  that  of  a 
surplus  nonproductive  population. 

A  third  point  in  the  vocational  training  of  severely 
or  profoundly  retarded  learners  can  be  identified  as: 
(1)  problems  in  response  topography  and  (2)  problems  in 
stimulus  control;  the  training  issue  is  how  to  teach  a  se- 
quence of  responses  most  effectively  (Bellamy  et  al . ,  1978). 
Implicit  in  the  third  point  is:   Can  potential  problems  in 
both  response  topography  and  stimulus  control  be  minimized 
by  a  procedure  which  makes  better  use  of  the  dual  function 
of  the  operant  chain? 
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Definition  of  Terms 

The  following  definitions  are  intended  to  facilitate 
and  clarify  communication  for  the  purpose  of  the  proposed 
study. 

1.  Severely  or  profoundly  mentally  retarded:   Those 
individuals  whose  intellectual  functioning  falls  below  four 
standard  deviations  from  the  mean  as  measured  on  a  Stanford- 
Bine  t  (S-B) . 

2.  Total  task  procedure:   A  training  procedure  utilizing 
a  forward  progression  format,  in  which  every  step  ot  the  task 
is  practiced  during  every  session.   Through  the  use  of  such 

a  procedure  errors  drop-out  over  time;  each  individual  step 
does  not  need  to  be  brought  to  an  a  priori  criterion  before 
moving  to  the  next  step. 

3.  Backward  chaining:   A  chaining  procedure  in  which 
the  last  step  of  the  task  is  trained  first.   The  trainee 
learns  the  last  step  to  an  a  priori  criterion,  then  the  next 
to  the  last  step  is  linked  to  the  last  step  and  the  trainee 
performs  the  last  two  steps  of  the  task.   The  progression 

is  made  up  of  the  sequence  of  responses  in  the  reverse  (back- 
ward) order  until  the  whole  chain  of  responses  in  the  task 
is  acquired.   In  backward  chaining,  the  reinforcement  comes 
at  the  end  of  the  task  (i.e.,  the  first  step  trained  (last 
step  of  the  task)  then  reinforce,  then  two  steps  and  reinforce, 
etc. ) . 

4.  Criterion:  A  predetermined  point  at  which  the 
task  or  certain  specific  task  components  (i.e.,  forward 
or  backward  chaining)  are  declared  to  have  been  learned. 
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5.  Complex  task:   A  complex  task  assembly  is  considered 
as  one  for  which  a  retarded  individual  requires  individualized 
and  extensive  training  in  order  to  perform  the  required  join- 
ings. 

6.  Discriminative  stimulus:   A  discriminative  stimulus 
is  a  stimulus  in  whose  presence  operant  behavior  is  highly 
probable  because  the  behavior  has  previously  been  reinforced 
in  the  presence  of  that  stimulus. 

7.  Conditioned  reinforcer:   A  conditioned  reinforcer 
is  a  positive  rate  change  stimulus  that  becomes  reinforcing 
for  behavior  because  of  its  association  with  reinforcement 
in  the  previous  experience  of  the  organism. 
Delimitations 

The  delimiting  factors  for  this  study  were:   (a)  A 
Health  and  Rehabilitation  Service  Administration  in  the  State 
of  Florida;  (b)  the  Sunland  Center,  Gainesville,  Florida; 

(c)  a  bath  house  that  was  converted  for  a  training  site; 

(d)  the  bath  house  was  without  electricity  and  therefore  had 
no  electric  lights,  air  conditioning,  or  heat.   The  use  of 
severely  and  profoundly  retarded,  institutionalized  individuals 
as  subjects  was  another  delimiting  factor. 

Limitations 

The  only  factor  which  may  limit  the  study  would  be  the 
factor  of  time.   Due  to  time  constraints  placed  on  the  study, 
all  individuals  involved  in  training  may  not  have  the  oppor- 
tunity to  reach  the  predetermined  criterion. 
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Summary 

Investigators  have  established  successful  vocational 
training  procedures  for  severely  or  profoundly  retarded 
persons.   It  is  imperative  that  the  next  step  be  initiated 
to  examine  which  training  procedures  for  vocational  tasks 
are  the  most  effective  with  this  population.   Problems  in 
vocational  training  of  severely  handicapped  persons  can  be 
summarized  into  two  categories:   (1)  Problems  in  response 
topography  and  (2)  problems  in  stimulus  control  (Bellamy  et 
al.,  1978). 

One  solution  to  the  proposed  question  is  an  empirical 
evaluation  of  two  training  procedures  (1)  backward  chaining, 
and  (2)  total  task  presentation.   Researchers  from  the  operant 
behavioral  discipline  and  the  vocational  habilitation  disci- 
pline have  not  addressed  the  question  posed  by  this  investi- 
gator, the  purpose  of  this  investigation  is  to  answer  that 
question. 


CHAPTER   II 
REVIEW  OF   RELATED  LITERATURE 
The   following   review   is    divided    into   several    sections. 
In    the    first    section   are    studies    in  which    the   procedures 
are   not   firmly   delineated  and    in  which  backward   chaining 
and   total    task   presentation   are   reviewed.       In    the   next    sec- 
tion  are    studies    in  which    the    investigators   used  a   forward 
chaining   procedure.      Located    in    the   last    section   are    studies 
in  which    the    investigators   made    comparisons   among  backward 
and  forward   chaining   as  well    as    total    task   presentation. 

Unspecified  Procedures 

The    technology    of    training   procedures   used  when   learners 
who   are    severely    or   profoundly   retarded   are   acquiring    self- 
help   and  vocational    skills    is    still    in   its    infancy.      Some 
investigators  have    suggested   that    self-help    skills    should 
be    taught  prior   to  vocational    skills   for   two  reasons. 

The    teaching    of    self-help    skills  helped    to    solve    staff 
problems.      The    second   reason      is,    in  normal    development, 
children   acquire    self-help    skills   prior    to  vocational    skills 
(Haring    &   Pious,    1976;    Perske    &    Smith,    1977).      Self-help 
skills  will   be    included   in    the   review  as   an   area    in  which 
effective    training   procedures   have   been   used  with    severely 
and  profoundly   retarded  persons. 
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In  the  past   (i.e.,  as  early  as  1955)  and  even  in 
the  present,  as  late  as  1977,  firmly  delineated  procedures 
were  not  of  prime  necessity.   What  was  of  prime  importance 
as  shown  by  the  studies  reported  in  this  section  (e.g., 
Loos  &  Tizard,  1955;  Pomerantz,  1975)   was  that  procedures 
were  developed  which  worked. 

In  almost  all  cases,  when  investigations  have  been 
concerned  with  the  acquisition  of  self-help  skills  by 
severely  or  profoundly  retarded  learners,  it  is  possible 
to  tell  which  procedure  is  being  used  (e.g.,  Azrin,  Schaeffer, 
&  Wesolowski,  1976;  Bensberg   et  al.,  1965;  Minge  &  Ball, 
1967) .   This  is  not  the  case  with  procedures  used  to  train 
vocational  tasks. 

Acquisition  of  Vocational  Skills 

In  one  of  the  first  classic  studies  of  vocational 

habilitation  of  retarded  persons  (IQ  range  24-41),  Loos 

and  Tizard  (1955)  trained  six  retarded  males  to  fold  cake 

boxes.   The  vocational  training  involved  was: 

No  unusual  techniques  of  training.  .  .  .Rather 
the  boys  were  first  shown  how  to  do  the  job 
and  coached  singly  for  about  an  hour.   The 
group  then  worked  under  the  supervision  of 
the  experimenter  for  a  fortnight.   When  a 
patient  failed  to  do  the  correct  things  in 
the  correct  order  he  was  made  to  begin  and 
go  through  the  whole  sequence  of  movement 
correctly.   (p.  397) 

In  the  above  account,  the  specific  technique  or  proce- 
dure for  training  was  not  clearly  delineated. 
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In  another  study,  Pomerantz  (1975)  spoke  of  extending 
Gold's  (1972)  training  philosophy  in  the  training  of  a  com- 
plex assembly  task  (i.e.,  bicycle  brake)  to  severely  retarded 
children  ages  6,  8,  and  10  years. 

Although  Gold's  training  philosophy  of  task  analysis 

was  followed,  there  was  no  mention  of  the  specific  format 

(i.e.,  backward  chaining,  forward  chaining,  or  total  task 

presentation)  used  to  facilitate  acquisition.   In  regard 

to  the  techniques  used,  Pomerantz  stated: 

The  techniques  stress  stimulus  control  and 
have  been  powerfully  influenced  by  the  Atten- 
tion Theory  of  Zeaman  and  House  (1963).   How- 
ever, behavior  analysis  and  methods  from  in- 
dustrial engineering  and  ergonomics  are  also 
applied.   (p.  4) 

Two  of  the  major  questions  of  Pomerantz' s  study  were: 
First,  were  steps  (content  task  analysis)  in  the  original 
bicycle  brake  analysis  appropriate  for  efficient  training 
with  a  population  of  severely  retarded  children?  Second, 
do  young  trainable  children  have  the  degree  of  motor  control 
needed  for  the  manipulations  demanded  in  a  breakdown  that 
was  prepared  for  older  individuals? 

The  research  questions  asked  by  Pomerantz  were  not  in- 
tended for  a  comparison  of  training  formats.   Pomerantz  was 
primarily  interested  in  asking  relevant  questions  of  the 
nature  of  content  task  analysis  and  its  application  or 
generalization  in  the  acquisition  of  akills  by  a  different 
population  of  learners. 

Bellamy   et  al.   (in  press)  conducted  research  con- 
cerning the  related  efficacy  of  vocational  training  for 
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severely  retarded  persons.   They   focused  on  procedures 
which  used  modeling,  priming  and  match- to- sample  cues. 

Gold  (1975b)  described  match-to-sample  procedures  as 
fitting  into  a  category  of  single  pieces  of  learning.   That 
is,  in  the  case  of  three  stimuli   and  a  matching  stimulus 
sample,  two  of  the  stimuli  are  the  same  and  the  other  two 
stimuli  are  different  in  some  respect  (e.g.,  color,  shape, 
or  size).   The  question  became,  which  stimulus  matched  the 
sample  (see  Figure  2).   Single  pieces  of  learning,  according 
to  Gold,  were  different  from  a  category  of  multiple  pieces 
of  learning  (chained  learning).   Gold  has  suggested  that 
these  single  pieces  (i.e.,  match- to-sample)  were  later  plugged 
into  a  chain  of  responses  (i.e.,  multple  pieces  of  learning), 
enabling  the  learner  to  complete  the  task. 

For  example,  in  the  assembly  of  electronic  circuit 
boards,  the  initial  problem  was  which  part  was  the  correct 
part  (match-to-sample).   After  having  picked  the  right  part, 
the  problem  became,  how  to  get  that  part  securely  positioned 
in  the  board  (multiple  pieces  of  learning).   That  is,  pick 
up  part,  bend  the  leads,  insert,  turn  head,  bend  leads  along 
back  side  of  board,  and  crimp.   The  last  sequence,  pick 
up  part,  bend  leads,  etc.,  was  a  series  of  stimuli  and  re- 
sponses being  held  together  by  discriminative  stimuli  and 
conditioned  reinforcers. 

Bellamy  et  al.  (in  press)  did  not  specify  what  procedures 
were  used  to  facilitate  the  total  chain  of  vocational  responses 
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Figure  2.   An  example  of  a  conditional  discrimination 
or  match -to- sample  problem. 
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regarding   the  match- to-sample   cues   and   the    total   chain   of 

responses    required    to   complete    the    task    successfully.      They 

described    the   procedure   as    follows: 

A   task  was   presented  with   the    instruction 

" name ,    make    it   look   like    this," 

with    the    experimenter   pointing    to    the    sample 
in   front    of    the    left-hand  bin.       If    the    subject 
responded   correctly,    he  was  praised  and   then 
given   the   same   instructions  with  a   gesture 
to    the  right-hand  bin.      When  both   items  had 
been   correctly   positioned,    the    subject  was 
reinforced  with  both  praise   and  edible    treats. 
Responses    to   initial    tasks    of   a    session  were 
reinforced   on  a   continuous  basis.      This  was 
faced   to  an   intermittent   schedule  after    the 
subject  was   generally   attending   and  performing 
correctly.       (p.    130) 

The    training  paradigm  for  multiple  pieces    of   learning, 
into  which    this  match- to- sample  part   fit,     was    not   described 
in   sufficient   enough   detail    for    the  process    to  be   fully 
delineated. 

From  a  review  of   Bellamy   et  al . ' s    (in  press)    results 
it   can  be   concluded    that    two    severely   retarded    trainees 
could   follow   generally  used  vocational    training    cues    of 
modeling,    priming,    and  match- to- sample .      Although    the    teach- 
ing  procedures    described  by   Bellamy   et   al .     (in   press)    were 
effective    in    developing    the    sample-matching    operation,    a 
question   still   remains   as    to   the  most   efficient  method   of 
teaching    this,    and    similar    operations. 

In   a   fourth    study,    Friedenberg   and  Martin    (1977)    tested 
Gold's    (1973)    thesis,    that   pay    or   praise    in    some   form  were 
not    the    only   reinforcers   available   for  work.      The    task   used 
was    stapling    of    labels    onto   plastic   bags.      Two  methods    of 
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stapling  were  used.   The  first  used  was  a  machine  method 

which  required  operating  a  foot  pedal.   The  second  method 

was  a  hand  method.   The  trainees  were  two  severely  retarded 

male  adults  (IQ  30  and  36,  respectively)  judged  not  ready 

for  work  in  a  sheltered  workshop. 

In  the  training  procedure  used  by  Friedenberg  and  Martin, 

it  was  not  clear  how  the  operants  in  the  response  chain  for 

stapling  were  introduced  (i.e.,  backward  chaining,  etc.). 

They  stated: 

The  trainer  began  by  physically  modeling  the 
steps  necessary  to  obtain  a  completed  product 
while  stating  verbally  the  operations  he  was 
performing  according  to  the  task  analysis, 
(p.  17) 

Further  it  was  apparent  from  a  review  of  the  article 
that  a  level  of  least  prompts  similar  to  that  used  by  Brierton, 
Grimm,  and  McCarthy   (Note  3)   was  used  to  correct  errors. 

From  an  examination  of  the  results  section  of  Friedenberg 
and  Martin's  study,  it  can  be  concluded  that  the  training 
procedures  were  successful.   The  investigators  raised  ques- 
tions concerning  a  high  unacceptable  rate  seen  in  production 
after  errorless  performance  had  been  reached  in  training. 
The  criterion  for  acquisition  used  in  Friedenberg  and  Martin's 
study  was  20  consecutive  correct  trials,  considerably  higher 
than  the  criterion  used  by  Gold  (1972,  1976),  6  out  of  8 
consecutive  correct  performances.   From  the  high  unacceptable 
error  rate,  it  could  be  hypothesized  that  the  inherent  rein- 
forcing value  of  Friedenberg  and  Martin's  task  (stapling) 
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may  have  been  low  compared  to  that  of  longer-cycle  assembly 
tasks  with  an  impressive  "mechanical"  look. 

Studies  that  have  been  categorized  in  the  unspecified 
section  have  been  placed  in  the  section  since  it  was  unclear 
as  to  what  procedure  was  used  during  the  task  acquisition 
process.   Nonetheless,  all  investigators  were  successful 
in  meeting  the  objectives  of  their  proposed  studies.   Loos 
and  Tizard's  (1955)  classic  study  was  effective,  but  it 
was  not  clear  as  to  which  procedure  was  used. 

Other  investigators  have  also  extended  the  body  of 
present  knowledge  with  regard  to  the  training  of  severely 
or  profoundly  retarded  persons  (i.e.,  Pomerantz);  yet  the 
exact  investigation  as  written  could  not  be  replicated  due 
to  the  lack  of  inclusion  of  specific  procedures  for  training. 
There  are  two  possible  answers  why  specific  procedures  have 
not  been  delineated. 

First,  early  investigators  (i.e.,  Loos  and  Tizard) 
were  primarily  interested  in  their  subjects  performing  the 
task  sequence  correctly.   Second,  in  later  investigations 
(i.e.,  Bellamy   et  al . ,  in  press;  Friedenberg  &  Martin, 
1977;  Pomerantz,  1975)  the  investigators'  research  questions 
were  not  phrased  to  make  the  procedure  the  salient  manipulated 
variable (s) . 

Backward  Chaining 

In  backward  chaining,  the  last  step  of  the  task  is 
trained  first  and  reinforcement  subsequently  follows.   The 
next  to  the  last  step  in  the  operant  chain  is  then  added 
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to  the  last;  now  the  individual  performs  the  last  two  steps 
and  reinforcement  immediately  follows.   The  links  of  the 
operant  chain  are  added  in  this  reverse  manner  until,  finally, 
the  person  can  execute  the  whole  chain  of  behaviors  success- 
fully. 

The  use  of  backward  chaining  has  been  documented  in 
the  literature  for  at  least  41  years.   Skinner  (1938)  explained 
the  process: 

At  the  beginning  of  an  experiment  a  hungry 
rat  is  placed  in  the  experiment  box  containing 
the  tray  for  several  periods  of,  say  one  hour. 
Investigatory  responses  to  the  walls  of  the 
box,  the  tray,  and  so  on,  are  elicited,  but 
soon  adapt  out  to  a  fairly  low  strength.   The 
tray  contains  food,  however,  and  certain  move- 
ments made  by  the  rat  in  the  presence  of  stimula- 
tion from  the  tray  and  adjacent  parts  of  the 
box  are  reinforced  by  the  actions  of  S:   food. 
Such  movements  become  fully  conditioned  and 
are  made  with  considerable  frequency  by  a 
hungry  rat.   The  response  is  a  discriminated 
operant,  the  nature  of  which  will  be  more  or 
less  thoroughly  investigated  later.   It  may 
be  written  SSD:  tray.   F:  approach  to  tray. 
The  chain  stands  at  the  point  as  follows: 

SSD:  tray,   R:  approach--S:  food.   R:  seizing 

The  next  step  in  building  up  the  total  sample 
is  the  establishment  of  a  "remote"  discrimination, 
in  which  SS^:  tray,  R:  approach,  is  reinforced 
only  when  a  discriminative  stimulus  applied 
by  the  sound  of  the  food  magazine  is  presented, 
(p.  53) 

Skinner  used  an  additional  element,  magazine  training,  in 
the  process  of  conditioning.   Often  this  procedure  has  been 
omitted  by  modern  day  researchers  and  practitioners.   Magazine 
training  is  of  importance  in  the  conditioning  process,  in  that 
experimental  subjects  can  associate  the  discriminative  oper- 
ants that  occasion  reinforcement.   For  example,  in  a  training 
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sequence  in  which  food  is  used  as  a  reinforcer,  first  food 
is  established  as  a  reinforcer  (i.e.,  the  rate  of  responding 
increases  in  the  presence  of  the  stimulus) .   In  the  training 
of  humans,  especially,  the  reinforcing  stimulus  may  not 
always  immediately  follow  the  response;  therefore,  a  bridging 
stimulus  cue  (e.g.,  a  click)  needs  to  follow  in  response, 
while  the  reinforcing  stimulus  (food)  is  being  delivered. 

Through  this  pairing  of  the  click  with  the  food  in 
close  temporal  proximity,  it  is  said  that  the  click  takes 
on  reinforcing  properties.   The  click  is  the  first  conditioned 
reinforcer  in  the  chain.   The  process  of  conditioning  in 
humans  and  other  organisms  is  similar  and  proceeds  in  a 
reverse  (backward)  order. 

Many  investigators  have  suggested  the  use  of  backward 

chaining  procedures  (Bigelow,  1972;  Favell  &  Gibby,  1974; 

Ferster  &  Perott,  1968;  Gilbert,  1962).   Bigelow  stated 

that, 

Chaining  techniques  are  used  to  teach  behaviors 
which  normally  occur  in  a  fixed  order  or  sequence. 
The  distinguishing  charqacteristic  of  chained 
activities  is  that  the  task  is  taught  backwards. 
That  is,  the  last  step  of  the  task  or  last 
step  of  the  sequence  is  taught  first.   (1972,  p.  31) 

Another  researcher,  Gardner  (1971)   reported  that,  "in 

developing  a  complex  chain  of  behavior,  it  is  frequently 

desirable  to  begin  backwards  and  provide  reinforcement  for 

the  final  performance  of  the  chain"(p.  288).    Patterson, 

Panyan,  Wyatt,  &  Morles  (Note  4)  suggested  that  the  rationale 

for  utilizing  this  strategy  (i.e.,  backward  chaining)  is  that 
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the  components  which  occur  nearest  to  the  primary  reinforcer 
are  strengthened  first. 

From  a  review  of  the  literature,  it  is  evident  that 
backward  chaining  is  effective  with  animals  and  humans  for 
several  reasons.   First,  the  organism's  terminal  response 
is  always  reinforced.   Second,  through  the  conditioning  pro- 
cess other  stimuli  are  reinforcing  to  the  organism.   Third, 
the  strength  of  backward  chaining  is  in  the  establishment 
of  firm  conditioned  reinforcers  which  in  turn  act  as  discrim- 
inative stimuli  for  the  next  step  in  the  chain. 

Acquisition  of  Self-Help  Skills 

According  to  Azrin  and  his  co-workers  (Azrin   et  al . , 

1976)  a  majority  of  investigators  have  used  a  backward  chaining 

procedure  to  teach  dressing  skills  to  severely  and  profoundly 

retarded  learners.   Azrin  et  aL  continue  by  stating: 

Almost  all  of  these  reports  have  the  following 
procedures  in  common:   Food  snacks  or  praise 
serve  as  the  reinforcers;  reinforcement  is 
given  at  the  completion  of  the  act  of  taking 
off  or  putting  on  a  specific  garment;  an  in- 
struction is  given  to  start  each  trial  for 
a  given  garment;  "backward  chaining"  is  used 
for  each  garment  whereby  the  instructor  himself 
puts  on  or  takes  off  the  garment  entirely,  (p.  29) 

Two  sets  of  investigators,  Ball   et  al .  (1971),  and 
Minge  and  Ball  (1967) ,  have  modeled  their  training  proce- 
dures after  the  Breland-Colwell  program  (Bensberg,  1965). 
Breland  suggested  that  the  whole  training  process  is  accom- 
plished through  a  backward  chaining  procedure.   For  example, 
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Breland  stated  that  the  training  process  begins  with  reward 
training.   That  is,  free  reinforcers  are  given,  which  is 
essentially  magazine  training  in  the  animal  literature. 
Next,  the  individual  is  taught  to  follow  commands  (e.g., 
come  here) .   After  the  individual  has  mastered  obeying  the 
command  "come-here,"  the  command  "sit  down"  is  added.   It 
is  only  after  the  other  responses  (i.e.,  "sit  down,"  "come 
here,"  etc.)  are  learned  that  the  terminal  response,  undressing, 
is  added  to  the  chain  of  already  established  behavior. 

Watson  (1972)  has  recommended  the  use  of  backward  chaining 
to  teach  dressing  skills  to  severely  and  profoundly  retarded 
learners  also.   For  example,  in  the  task  of  dressing  one's 
self,  Watson  reported  that  for  some  learners  there  could 
be  five  steps  to  dressing.   The  steps  were: 

1.  Put  on  underpants. 

2.  Put  on  pants. 

3.  Put  on  shirt. 

4.  Put  on  socks;  and 

5.  Put  on  shoes. 

The  trainer  would  begin  by  helping  the  child  on  with  every- 
thing but  his/her  shoes.   Next,  the  trainer  would  say,  'get 
dressed,"  have  the  child  put  on  his/her  shoes,  and  reinforce 
the  child  with  an  edible. 

During  the  next  trial,  the  trainer  would  help  the  child 
on  with  his  underpants,  pants,  and  shirt  and  then  say,  "get 
dressed."   Now  the  child  must  put  on  both  the  socks  and 
shoes  before  he/she  is  reinforced.   Each  time  the  trainer 
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would  do  one  less  step  and  required  the  child  to  complete 

one  more  step  in  combination  with  the  steps  the  learner 

had  already  demonstrated.   It  can  be  observed  through  Watson's 

example  that  dressing  was  taught  through  the  use  of  backward 

chaining. 

Acquisition  of  Vocational  Skills 

Two  investigators,  Prill,  1977   and  Spooner  and  Hendrick- 
son,  1976,  have  reported  the  use  of  a  backward  chaining 
procedure  to  teach  the  acquisition  of  complex  vocational 
skills  to  profoundly  retarded  subjects.   Although  Prill 
did  not  specifically  spell  out  in  the  narrative  that  backward 
chaining  was  used,  from  observation  of  the  task  analysis 
(Prill,  Table  2)  it  can  be  concluded  that  a  backward  chaining 
procedure  was  used  in  acquisition  of  skills  for  tool  use. 

Spooner  and  Hendrickson,  on  the  other  hand,  specifically 

indicated  the  two  procedures  used  in  the  task  of  packaging 

merchandise  (the  use  of  the  total  task  procedure  will  be 

discussed  in  another  section) .   They  stated: 

By  "backward  chaining"  the  subject's  acquired 
skill  each  time  a  specified  performance  criterion 
was  met,  the  subject  was  relieved  of  having 
to  apprehend  more  than  a  single  piece  of  learning 
at  any  one  time,  while  still  retaining  the 
responsibility  for  the  completed  product.   (p.  19) 

Both  investigators  have  reported  favorable  acquisition  of 
their  respective  tasks  with  learners  classed  as  profoundly 
retarded.   These  investigators'  data  document  the  effective 
use  of  backward  chaining  procedures  in  the  training  of  voca- 
tional tasks. 
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Table  2.   Task  analysis  used  by  Prill  (1977). 

29.  Raise  hand 

28.  Place  ratchet   in  holder--peg   down 

27.  Place    socket   in  box 

26.  Separate   ratchet  and   socket 

25.  Hold  ratchet   in   one  hand--socket   in   other 

24.  Pick  up   ratchet   in   one  hand—socket   in   other 

23.  Place  nut   in  bin 

22.  Rotate  nut   in  counter-clockwise   direction  until    off  bolt 

21.  Pincher  grasn  nut 

10.  Reach  for  nut 

19.  Place  ratchet  &    socket   on   side   of  jig 

18.  Lift  ratchet   &    socket 

17.  Turn  ratchet  back  &   forth  until    teeth  no  longer   sound 

16.  Hold  wood  base  with   left  hand 

15.  Rotate   and   depress  until    socket  fits 

14.  Place    starred   end    of    socket   over  nut 

13.  Lift  ratchet   &    socket 

12.  Rotate   &   depress   ratchet  until   fits   into   socket 

11.  Place   ratchet   over   square  hole    in   socket 
10.  Hold   socket  with  free  hand 

9.  Pick  up   ratchet--peg   end  down 

8.  Reach   for  ratchet 

7b.  If   no   turn--place   socket   in   front   of    task   on  dot 

7a.  If   socket   turns  place  aside—return   to   step    2 

6.  Rotate  with  hand 

5.  Place   starred   end   over  nut 

4.  Pick  ud    socket 

3.  Pincher   grasp    socket 

2.  Reach  for   largest   socket 

1.  Orient-    to    task 


Note.      From   "Evaluation   of  a   Procedure   for  Teaching  Gen- 
eralized Tool   Use   Skills    to  a   Severely  Retarded  Person"  by 
N.    M.    Prill,    Habilitation    of    Severely   and  Profoundly   Retarded 
Adults    (Vol.    2),    1977,    Specialized   Training   Program.      Reprinted 
with  permission. 
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Other  investigators  (e.g.,  Screven,  Straka,  &  LaFond, 
1971)  have  also  reported  the  use  of  backward  chaining  pro- 
cedures to  develop  vocational  skills  in  mentally  retarded 
persons.   Screven   et  al .  suggested  that  their  procedures 
are  derived  from  the  operant  methodology  associated  with 
Skinner  and  his  associates.   Skinner  (1969)  emphasized 
the  pliability  of  behavior,  that  is,  the  idea  that  most 
definable  behaviors  can  be  modified  by  the  manipulation 
of  specific  environmental  consequences  of  behavior  such 
as  "reinf orcers"  and  "punishers."   Schedules  of  reinforce- 
ment are  also  important  environmental  contingencies,  in 
that  an  individual's  behavior  is  correlated  with  the  conse- 
quences (i.e.,  reinforcers  or  punishers)  through  the  use 
of  schedules. 

Screven  et  al.  worked  with  a  client  population  in 
Milwaukee,  Wisconsin,  of  males  and  females  between  the 
ages  of  16  and  40  years.   They  reported  that  the  IQ ' s  of 
this  population  ranged  from  not  measurable  (profoundly 
mentally  retarded)  to  approximately  70  (educable  mentally 
retarded) . 

The  workshop  was  an  automated  setting.   Prior  to  the 
actual  participation  in  the  automated  workshop,  each  client 
was  individually  trained.   Backward  chaining  was  the  pro- 
cedure of  choice. 

In  training  the  new  client  to  a  new  work  task, 
the  task  is  first  broken  down  into  a  chain 
of  small  steps  arranged  in  order.   Using  back- 
ward chaining,  the  work  task  is  arranged  and 
cued  so  that  approximations  of  the  required 
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responses  at  any  point  are  highly  likely. 
.  .  .  In  this  backward  chaining  procedure , 
the  client  completes  only  the  final  of  the 
chain  at  first,  then  the  final  two  parts,  and 
so  on  backward  until  he  must  carry  out  each 
step  in  the  chain  from  the  beginning.  (Screven 
et  al.,  1971,  p.  329) 

The  investigators  did  not  present  any  acquisition 
data;  however,  they  did  present  production  data.   Therefore, 
it  can  be  assumed  that  the  backward  chaining  procedure 
was  effective,  in  that  clients  were  able  to  produce  error- 
less products. 

It  has  already  been  noted  that  operant  researchers 
have  used  backward  chaining  in  the  training  of  experimental 
organisms.   Although  Skinner  stressed  that  magazine  training 
is  the  place  to  begin  the  backward  chaining  process,  many 
modern  day  operant  practitioners  have  neglected  to  initiate 
the  backward  chaining  procedure  with  human  subjects  in 
a  similar  fashion  used  with  other  experimental  organisms. 

From  a  review  of  the  literature,  with  regard  to  backward 
chaining  procedures,  it  is  evident  that  backward  chaining 
has  been  found  to  be  effective  in  the  training  of  both  self- 
help  and  vocational  skills  to  severely  and  profoundly  retarded 
learners.    It  should  be  further  indicated,  that  the  strength 
of  backward  chaining  is  in  the  establishment  of  firm  condi- 
tioned reinforcers  which  in  turn  act  as  discriminative 
stimuli  for  the  next  step  in  the  chain. 

Total  Task  Presentation 

Unlike  backward  chaining,  a  total  task  presentation 
begins  with  the  first  step  of  the  task.   Bellamy,  Horner, 
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and   Inman    (1979)    suggested    that   a    total    task   presentation 
is   a  variation   of  a   forward   chaining  procedure.      Gold    (1976) 
stated    that    in   a    total    task   presentation,    every    step    of    the 
task    is   practiced  every    time.      Errors   and  assistance   from  the 
trainer    drop-out   over    time. 

The  major   difference  between    total    task   and   forward 
chaining    is    that   although  both    training    sequences  begin 
with    the   first    step,    in    total    task,    access    to   one    step    is 
not   contingent  upon   acquisition    of    the   preceding    step. 
Bellamy   et   al .    (1979)    stated    that,    "this    [total    task   pre- 
sentation]   appears    to  have    the  advantage   of  maximizing    the 
learner's    independence    early    in    training   especially    if    some 
steps   are  already   familiar    [to   the   individual]"    (1979,    p.    33). 
Investigators  using    the    total    task   procedure   have   found    it 
to  be   an   effective    training    technique  with   severely   and  pro- 
foundly  retarded  learners   as  have    investigators  using   the 
backward  chaining  procedure   of    training. 

Acquisition    of    Self-Help    Skills 

There   exists   at   least    one    set   of    investigators    (Horner 
&   Keilitz,    1975)    that  have    successfully   employed  a    total 
task   procedure    to   develop    self-help    skills    in   retarded   ado- 
lescents.     The    self-help    task  used  was    toothbrushing . 

Although  Horner   and  Keilitz 's   procedure  was   not    specified 
in   complete   detail,    it   can  be    inferred    that    total    task   pre- 
sentation was   used.      They    stated   that,    "All    steps  were    trained 
in   each    session,    and   sessions  were    terminated  after    subjects 
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were  given  the  opportunity  to  perform  the  last  step"  (1975, 
p.  304). 

From  a  review  of  the  discussion  section  of  Horner  and 
Keilitz's  article  it  can  be  concluded  that  six  of  the  eight 
subjects  achieved  a  high  criterion  performance  standard  in 
18  to  30  training  sessions.   The  remaining  two  subjects 
made  significant  gains  over  their  baseline  performance. 
While  not  reaching  the  stringent  performance  requirements 
set  in  the  study,  the  standard  of  toothbrushing  behaviors 
acquired  by  the  two  subjects  would  be  more  than  likely  in- 
distinguishable from  that  of  noninstitutionalized  persons. 

Horner  and  Keilitz's  results  cannot  be  attributed  simply 
to  practice  or  to  the  passage  of  time.   It  can  be  observed 
that  from  the  use  of  a  multiple  baseline  procedure  the 
subjects'  performance  did  not  change  appreciably  until  train- 
ing was  initiated. 

Acquisition  of  Vocational  Skills 

Two  groups  of  investigators  in  six  studies  have  docu- 
mented the  effective  application  of  total  task  procedures 
in  the  acquisition  of  complex  vocational  skills  (Gold,  1972, 
1974,  1976;  Gold  &  Barclay,  1973;  Spooner  &  Hendrickson, 
1976;  Spooner   et  al.,  Note  2).   Gold  did  not  indicate  spe- 
cifically that  a  total  task  procedure  was  used;  however,  in 
personal  communication  (Note  5) ,  he  reported  that  total  task 
was  the  procedure  used. 
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Gold,  like  most  of  the  investigators  in  this  review, 
was  not  interested  in  comparing  two  or  more  procedures  as 
to  their  effect  on  rate  of  skill  acquisition.   Instead, 
Gold  was  interested,  initially,  in  the  transference  of  learning, 
the  effectiveness  of  redundant  stimulus  factors  on  the  rate 
of  learning,  and  the  retention  of  learning. 

In  Gold's  (1972)  study  64  moderately  and  severely  retarded 
individuals  were  trained  to  assemble  a  15  piece  bicycle  brake 
assembly  task.   One  half  of  the  subjects  worked  with  the 
parts  of  the  training  task  brake  as  they  came  from  the  factory 
(form-only) .   The  other  learners  worked  with  parts  that  were 
color  coded  (color-form).   Gold  stated  that,  "coding  consisted 
of  painting  the  surface  of  each  part  that  is  facing  the  subject 
when  it  is  placed  in  the  proper  position  for  assembly"  (p.  517). 
Both  groups  of  learners  (i.e.,  form-only  and  color-form) 
were  trained  by  a  total  task  approach. 

In  the  acquisition  and  transfer  studies,  the  independent 
variables  were  the  number  of  relevant  dimensions  (form-only 
or  color-form)  and  amount  of  learning  (criterion  or  overlearning) 
Learning  was  defined  as  a  criterion  performance  of  six  correct 
out  of  eight  consecutive  trials.   Overlearning  was  specified 
20  trials  beyond  criterion. 

There  were  three  dependent  variables  in  the  study. 
These  included    1)  trials  to  criterion,  2)  manipulation 
errors  to  criterion,  and  3)  discrimination  errors  to  criterion. 
During  the  retention  interval,  none  of  the  subjects  had 
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access  to  the  bicycle  brake   and  continued  to  work  on  the 
same  kinds  of  simple  tasks  as  were  performed  before  the 
study. 

From  a  review  of  Gold's  (1972)  results,  it  can  be  con- 
cluded that  the  color-form  group  (i.e.,  the  group  that  used 
the  stimulus  redundant  feature)  learned  the  training  task 
(15  piece  Bendix,  RB-2  coaster  brake)  significantly  faster 
than  the  form-only  group  (i.e.,  the  group  without  access 
to  the  stimulus  redundant  feature) . 

Gold's  hypothesis,  that  the  use  of  cue  redundancy  does 
not  impede  transfer  to  a  single  relevant  dimension  task, 
was  not  supported.   The  subsequent  retention  study  (conducted 
one  year  later)  produced  dramatic  retention  effects.   For 
the  retention  study,  53  of  the  original  subjects  participated 
and  the  same  independent  and  dependent  variables  were  used. 
In  addition,  order  of  presentation  was  included  as  an  inde- 
pendent variable.   Gold  reported  that  highly  significant 
main  effects  were  found  for  all  dependent  measures. 

In  a  second  study,  Gold  and  Barclay  (1973b)  were  interested 
in  comparing  the  effectiveness  of  verbal  labels  with  non- 
verbal labels  on  the  acquisition  and  retention  rate  of 
a  complex  assembly  task  (12  piece  bicycle  brake)  by  16  mod- 
erately and  severely  retarded  individuals  (mean  IQ  43,  range 
36-51).   As  with  subsequent  studies,  "The  general  procedure 
for  demonstrating  the  task,  correcting  errors,  recording 
data,  and  giving  reinforcements  is  described  by  Gold  (1972), 
p.  39." 
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Gold  and  Barclay  found  that  there  were  no  reliable 
differences  between  the  two  groups  (Group  1,  verbal  cue; 
Group  2,  no  verbal  cue)  on  retention.   From  a  review  of 
their  results,  it  can  be  concluded  that  the  addition  of 
the  verbal  cue  facilitated  both  acquisition  and  retention 
of  the  discriminations. 

All  but  three  subjects  (all  from  the  no  verbal  cue 
group)  reached  the  a  priori  criterion  by  55  trials  (the 
arbitrary  stopping  in  Gold's  early  studies).   Interestingly, 
all  three  subjects  reached  criterion  (six  out  of  eight  consec- 
utive assemblies  without  error  or  assistance)  during  retraining 
in  9,  7,  and  20  trials,  respectively. 

In  another  study,  Gold  (1974)  was  primarily  interested 
in  the  removal  of  redundant  cues  that  aid  retarded  learners 
in  skill  acquisition.   Gold  did  not  delineate  the  procedures, 
instead,  he  referred  to  his  1972  study. 

The  primary  outcome  of  Gold's  (1974)  study  was  not 
directly  related  to  the  attempts  made  at  delineating  what 
procedure  (i.e.,  backward,  forward,  or  total  task)  was  used 
in  the  acquisition  of  vocational  skills.   Gold  suggested 
the  use  of  different  procedures  to  enable  those  subjects 
not  reaching  the  predetermined  criterion,  under  their  respec- 
tive procedure,  to  reach  criterion  on  the  training  task. 

One  of  the  more  recent  generalizations  of  Gold's  (1972) 
statements  (i.e.,  a  discrepancy  exists  between  the  capabilities 
of  moderately  and  severely  retarded  individuals  and  what 
is  presently  expected  of  them  in  sheltered  workshops)  has 
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been  his  (1976)  study  conducted  at  the  Dixon  Developmental 
Center.   In  this  study,  Gold  focused  on  the  acquisition 
and  production  of  a  complex  assembly  task  (bicycle  brake) 
by  severely  and  profoundly  retarded,  deaf,  and  deaf -blind 
persons . 

Gold's  primary  focus,  in  this  study,  was  the  delineation 
of  a  training  system  referred  to  as  Task  Analysis.   Further, 
Gold's  three  hypotheses  were  supported:   (1)  The  more  diffi- 
cult it  is  for  a  person  to  acquire  a  task,  the  more  the 
trainer  must  know  about  the  task,  (2)  the  more  the  designer 
(task  analyst)  knows  about  the  task,  the  less  prerequisites 
are  needed  by  the  learner,  and  (3)  the  decision  to  teach 
or  not  teach  a  task  to  severely  or  profoundly  handicapped 
persons  must  be  based  on  whether  or  not  that  task  can  be 
analyzed  into  teachable  components,  rather  than  on  some 
general  feeling  about  the  difficulty  of  the  task.   Unlike 
his  previous  studies,  the  report  in  this  study  was  more 
explicit  about  the  actual  format  for  this  study  (e.g.,  "One 
complete  assembly  of  the  brake  constituted  a  trial"  p.  80). 

From  an  analysis  of  the  results  section  it  is  evident 
that  some  learners  had  more  difficulty  with  the  training 
task  than  others.   In  order  to  facilitate  the  slower  learners 
acquisition  of  the  task  Gold  modified  (1)  process,  both 
feedback  and  format,  and  (2)  content. 

In  a  fifth  study,  Spooner  and  Hendrickson  (1976)  used 
a  total  task  procedure  in  the  last  two  phases  of  their  study. 
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The  second  phase  was  based  on  a  total  task 
presentation  in  the  same  setting;  and  the 
third  continued  the  total  task  format  in  the 
production  area  of  the  Center.   (p.  15,  Abstract) 

All  learners  remaining  in  the  study  (5)  reached  the  prede- 
termined criterion  under  the  two  specified  environments 
[(1)  the  training  room  and  (2)  the  production  area  of  the 
Center] . 

Spooner   et  al.   (Note  2),  the  last  study  to  conclude 
the  section  on  total  task  presentation,  trained  10  severely 
retarded  adolescents  (range  in  IQ  20-41,  range  in  age  12 
to  16  years)  to  assemble  an  industrial  drain  apparatus. 
Although  the  particular  procedure  was  not  clearly  specified, 
it  may  be  stated  that  the  total  task  procedure  was  used. 

There  are  at  least  two  salient  features  to  Spooner  et 
al.'s  study.   First,  it  can  be  concluded  from  a  review  of 
the  results  that  similar  procedures  have  been  effective  with 
adult  retarded  populations  (Gold,  1972;  1976)  and  were  also 
effective  with  one  particular  group  of  severely  retarded 
adolescents.   Second,  Gold  and  Pomerantz's  (1978)  guidelines 
for  vocational  education  strategies  were  effective  in  at 
least  one  programatic  effort. 

Investigators  using  a  total  task  (whole  method)  approach 
have  also  been  effective  in  training  their  respective  popu- 
lations.  In  the  one  self-help  study,  Horner  and  Keilitz  (1975) 
attributed  the  acquisition  of  toothbrushing  skills  to  some- 
thing other  than  the  passage  of  time. 
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Gold  (1972)  was  one  of  the  first  investigators  to  employ 
a  total  task  procedure  to  the  training  of  vocational  tasks 
to  retarded  persons.   Further,  it  has  been  reliably  demon- 
strated by  Gold  and  others  (e.g.,  Spooner  &  Hendrickson, 
1976;  Spooner   et  al.,  Note  2)  that  the  total  task  procedure 
has  been  effective  in  the  training  of  severely  and  profoundly 
handicapped  persons  to  conduct  vocationally  related  tasks. 

Forward  Chaining 

Although  the  forward  chaining  procedure  is  not  one 
of  the  procedures  being  tested  in  this  investigation,  it 
has  been  used  to  teach  severely  and  profoundly  retarded 
individuals  self-help  and  vocational  tasks.   Bellamy  et 
al.  (1979)  have  suggested  that  there  are  three  functional 
training  procedures.   They  are  (1)  backward  chaining,  (2)  tot- 
al task  presentation,  and  (3)  forward  chaining. 

When  a  forward  chain  is  being  used  to  train  an  experi- 
mental organism  to  acquire  a  task,  the  first  step  of  the 
task  is  trained  to  an  a  priori  criterion  and  a  reinforcer 
follows  subsequently  each  time  that  step  is  performed  cor- 
rectly.  Next,  the  second  step  of  the  task  is  added;  the 
individual  performs  the  first  two  steps  and  is  reinforced 
for  correct  execution  of  both  responses.   The  steps  are 
added  in  this  forward  fashion  until  the  whole  set  of  respon- 
ses that  are  necessary  to  perform  the  task  are  acquired. 

Practitioners  in  operant  learning  theories  (Pennypacker , 
Note  6;  Reynolds,  1975)  have  suggested  that  the  farther  a 
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stimulus  is  from  the  termination  of  the  chain,  the  less 

effective  it  is  both  as  a  discriminative  stimulus  and  as 

a  conditioned  reinforcer.   Reynolds  stated: 

There  comes  a  point  where  the  stimulus  of  the 
second  link  is  such  a  weak  conditioned  rein- 
forcer  because  of  its  distance  from  the  final 
reinforcement  of  the  sequence  that  it  will 
not  reinforce  the  response  in  the  first  link. 
However,  this  stimulus  of  the  second  link  is 
still  effective  as  a  discriminative  stimulus; 
it  will  occasion  at  least  the  one  response 
necessary  for  advancement  into  the  third  link. 
This,  of  course,  means  that  the  stimulus  of 
the  third  link  is  an  effective  conditioned 
reinforcer.   The  fact  remains,  however,  that 
the  stimulus  of  the  second  link  will  cease 
to  function  as  a  conditioned  reinforcer  even 
though  it  continues  to  function  as  a  discrim- 
inative stimulus.   (p.  62) 

By  starting  in  a  forward  fashion,  with  a  long  list 

of  responses,  20  or  so,  the  first  step  and  even  the  first 

few  steps  of  the  operant  chain  are  at  least  19  steps  (and 

so  on,  respectively)  away  from  the  termination  of  the  task. 

Even  though   there  is  the  fundamental  problem  of  lessened 

effectiveness  of  the  stimulus  as  a  discriminative  stimulus 

and  a  conditioned  reinforcer  when  long  tasks  are  trained 

via  a  forward  chaining  procedure,  it  has  been  used  effectively 

to  train  various  tasks  to  severely/profoundly  retarded 

learners,  (e.g.,  Azrin   et  al . ,  1976;  Bellamy  et  al., 

1975;  Hunter  &  Bellamy,  1976). 

Acquisition  of  Self-Help  Skills 

One  group  of  investigators  (Azrin  et  al.,  1976)  has 
used  a  forward  chaining  procedure  effectively  to  teach 
dressing  skills  to  profoundly  retarded  persons.   In  reference 
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to  other  studies  (Ball  et  al. ,  1971;  Horner,  1970;  Minge 

&  Ball,  1967;  Watson,  1972),  Azrin  et  al.,  1976,  stated: 

The  evidence  indicates  that  new  behavior  mod- 
ification procedures  have  been  of  value,  but 
have  not  been  substantially  successful  in  teach- 
ing dressing  to  the  profoundly  retarded,  even 
after  many  months  of  training.   (p.  29) 

Therefore,  Azrin  et  al.,  initiated  a  new  program  for  teaching 

dressing  and  undressing  which  included  a  list  of  principal 

characteristics . 

Azrin  et  al .  listed  11  primary  characteristics  of 

their  training  procedure.   The  characteristic  that  is  most 

pertinent  to  this  part  of  the  review  is  their  use  of  forward 

chaining.   They  stated: 

Instead  of  backward  chaining,  the  method  used 
a  forward  sequence  in  which  the  student  par- 
ticipated fully  in  the  initial,  as  well  as 
in  the  final,  components  of  the  dressing  actions, 
(p.  29) 

From  a  review  of  Azrin  et  al.'s  results  (see  Figure 

3),  it  can  be  concluded  that  all  seven  subjects  enrolled 

in  the  program  obtained  100%  mastery  of  dressing  skills 

in  20  hour's  training  time.   These  20  hours  took  place 

over  a  period  of  four  training  days. 

Acquisition  of  Vocational  Skills 

Investigators  such  as  Bellamy  et  al.,  1975;  Hunter 
and  Bellamy,  1976;  O'Neill  and  Bellamy,  1978;  Spooner  and 
Reid,  Note  1;  Tate  and  Barof f ,  1967,  have  reported  the 
use  of  forward  chaining  procedures  in  the  acquisition  of 
vocational  skills  by  retarded  persons.   Despite  the  funda- 
mental problem  of  the  dual  function  of  the  stimulus  being 
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Figure  3.   Percent  of  students  trained  to  criterion  as  a 

function  of  training  time.   From  "A  rapid  method 
of  teaching  profoundly  retarded  persons  to  dress 
by  a  reinforcement-guidance  method"  by  Azrin, 
N.  H. ,  Schaeffer,  R.  M. ,  &  Wesolowski,  M.  D., 
Mental  Retardation,  1976,  14_  (6),  29-33.   Repro- 
duced with  permission. 
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less  effective  the  farther  it  is  from  the  termination  of 
the  chain,  trainees  were  able  to  acquire  as  many  as  79 
steps  via  a  forward  chaining  procedure  (Hunter  &  Bellamy,' 
1976). 

In  Bellamy  et  al.'s  (1975)  investigation  the  potential 
competence  of  the  vocational  ability  of  severely  and  pro- 
foundly retarded  persons  is  highlighted.   Two  subjects 
were  used,  both  had  been  institutionalized  for  at  least 
15  years,  and  both  subjects  were  profoundly  retarded. 

In  this  1975  study,  Bellamy  et  al.  reviewed  several 
training  procedures  by  investigators  which  had  made  contri- 
butions to  the  literature;  however,  Bellamy  et  al.  paid 
particular  attention  to  those  training  procedures  used 
by  Gold  and  Barclay  (1973a,  1973b).   In  these  studies  there 
was  a  focus  on  alternative  training  procedures  (i.e.,  1973a 
the  learning  of  difficult  visual  discriminations;  1973b 
the  use  of  nonverbal  training  techniques) . 

Bellamy  and  his  co-workers  (1975)  used  forward  chaining 

to  teach  the  acquisition  of  skills  necessary  to  assemble 

a  52-piece  cam  switch  actuator.   In  regard  to  the  delineation 

of  the  procedure  they  stated: 

During  training  each  segment  was  taught  until 
S  reached  a  criterion  of  two  consecutive  trials 
in  which  all  steps  were  performed  correctly. 
A  trial  involved  performing  each  step  in  the 
segment  being  taught  together  with  previous 
segments,  (p.  180) 

This  description  is  clearly  similar  to  other  descriptions 

of  the  process  used  in  forward  chaining. 
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To  conclude,  Bellamy  and  his  co-workers  (1975)  indicated 
vocational  habilitation  is  a  feasible  goal  for  severely 
and  profoundly  retarded  adults  because  with  appropriate 
training  these  individuals  can  learn  to  assemble  tasks  with 
a  similar  amount  of  complexity  as  a  52  piece  cam  switch 
actuator.   If  it  can  be  demonstrated  that  a  severely  handi- 
capped person  can  reliably  assemble  complex  tasks,  such 
as  a  cam  switch  actuator,  remunerative  work  contracts  should 
be  available  to  support  this  habilitation. 

Among  the  eight  steps  delineated  in  the  procedures 

section  of  Hunter  and  Bellamy's  (1976)  article,  step  five 

contained  the  use  of  a  forward  chaining  procedure. 

In  this  forward  chaining  procedure  new  steps 
were  added  as  soon  as  previous  ones  were  per- 
formed independently.   Thus  the  trainee  began 
each  session  by  independently  completing  the 
steps  which  had  been  previously  learned  and 
then  received  training  in  new  steps  in  the 
manner  already  described.   (p.  8) 

Hunter  and  Bellamy's  task  was  the  assembly  of  a  cable 
harness  used  in  current  relay  panels.   All  trainees  involved 
in  the  study  reached  the  prescribed  criterion  of  five  con- 
secutive cable  assemblies  as  follows:   (1)  pilot  trainee, 
72  hours,  49  work  days;  (2)  trainee  1,  35  hours,  22  work 
days;  (3)  trainee  3,  18  hours,  12  work  days. 

In  another  investigation,  O'Neill  and  Bellamy  (1978), 
trained  a  severely  retarded  woman  to  assemble  the  links 
of  a  chain  saw.   The  primary  effort  of  this  investigation 
was  in  determining  whether  learning  occurs  as  a  result  of 
the  reported  training  procedures.   From  a  review  of  O'Neill 
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and  Bellamy's  article,  it  can  be  concluded  that  forward  chain- 
ing was  used. 

The  subject  involved  in  the  study,  a  30  year  old  severe- 
ly retarded  woman,  learned  to  perform  all  three  segments 
of  the  task  independently  after  the  training  procedures 
were  implemented.   Through  the  use  of  a  multiple  base- 
line design  across  task  segments  (see  Figure  4),  it  can 
be  interpreted  that  the  procedures  were  functionally  related 
to  the  trainee's  gains. 

In  a  third  study,  Spooner  and  Reid  (Note  1)  trained 
institutionalized  retarded  persons  (mean  years  of  institu- 
tionalization 21.6,  mean  IQ  47)  to  assemble  a  wooden  planter 
requiring  44  steps.   These  investigators  used  a  modified 
forward  chain  to  teach  the  acquisition  task  to  10  trainees. 

In  this   investigation,  a  modified  forward 
chaining  (i.e.,  a  large  number  of  steps  were 
grouped  together  and  trained  to  a  specified 
criterion  before  adding  another  group  of  steps) 
format  was  used,   (p.  6) 

Not  only  did  all  10  subjects  learn  the  task  to  a  speci- 
fied criterion  of  four  consecutive  assemblies  without  error 
or  assistance,  they  also  were  able  to  produce  the  task 
for  two  hours  a  day  at  a  mean  rate  of  17  planters  per  two 
hours,  with  a  mean  error  rate  of  .818  per  10  days  of  pro- 
ductions. 

In  Spooner  and  Reid's  study,  the  focus  was  not  on 
the  comparison  of  training  procedures,  which  has  similarly 
been  the  case  with  all  of  the  studies  mentioned  so  far 
in  this  review.   The  focus  of  Spooner  and  Reid's  study 
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Number  of  steps  completed  correctly  during 
unassisted  probes  conducted  before  and  after 
training  (vertical  intervention  line)  on  each 
task  segment.   From  "Evaluation  procedure  for 
teaching  saw  chain  assembly  to  a  severely 
retarded  woman"  by  O'Neill,  C.  T. ,  &  Bellamy, 
G.  T.,  Mental  Retardation,  1978,  16  (1),  37-41 
Reproduced  with  permission. 
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was  a  documented  replication  of  Gold's  (1976)  task  analysis 
system  with  a  different  task  and  a  different  learner  popu- 
lation. 

A  fourth  study  related  to  the  use  of  forward  chaining 
procedures  was  conducted  by  Tate  and  Baroff  (1967).   They 
stated  that  forward  chaining  was  used  in  the  teaching  of 
skills  necessary  to  assemble  an  electronic  relay  panel 
which  is  a  basic  unit  in  the  control  circuitry  of  an  operant 
conditioning  apparatus  and  some  teaching  machines.   The 
subjects  used  were  mildly  and  moderately  retarded  residents 
of  a  state  institution  for  mentally  retarded  persons  in 
North  Carolina. 

In  regard  to  the  training  procedures  used,  Tate  and 

Baroff  stated: 

In  .  general,  effort  was  directed  toward  insuring 
success  of  each  worker  from  the  beginning  of 
training,  through  each  step,  until  he  was  com- 
petently performing  the  task  on  his  own.  .  .  . 
The  jobs  were  broken  down  into  discrete  parts, 
a  simple  first  task  selected,  and  the  worker 
trained  on  each  step.   (p.  406) 

Although  specific  results  were  not  reported,  it  can 
be  concluded  that  the  training  procedures  were  effective 
in  that  one  year  later  a  fulltime  supervisor  was  hired 
and  26  new  employees  (trainees)  were  secured. 

Although  Pennypacker  (Note  6)  and  Reynolds  (1975) 
have  suggested  that  there  are  fundamental  theoretical  problems 
with  using  forward  chaining  procedures,  investigators  have 
documented  its  effectiveness  as  an  acquisition  procedure 
for  severely  and  profoundly  handicapped  persons  in  the 
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learning  of  self-help  and  vocational  skills.  Azrin  et  al. 
(1976)  indicated  that  backward  chaining  had  not  been  sub- 
stantially successful  in  teaching  dressing  skills,  even 
after  many  months  of  training;  therefore  forward  chaining 
was  used.   Numerous  investigators  have  found  forward  chaining 
to  be  effective  with  varied  tasks  of  many  component  parts. 
Similar  to  backward  chaining  and  total  task  presentation, 
forward  chaining,  when  used  as  an  acquisition  procedure, 
has  been  effective.   Investigators,  in  some  experiments, 
have  concluded  that  forward  chaining  has  been  more  effective 
than  backward  chaining. 

Comparison  of  Backward,  Forward  and  Total  Task  Presentations 
Various  investigators  have  made  comparisons  of  backward, 
forward,  and  total  task  procedures  (formats)  in  the  training 
of  their  experimental  subjects  (Blake   &  Williams,  1969; 
McGuigan   &  MacCaslin,  1955;  Walls   et  al.,  in  press). 
These  investigators  and  others  (e.g.,  Nettlebeck  &  Kirby, 
1976)  have  used  both  normal  and  retarded  populations  in 
order  to  assess  the  effects  of  the  various  methods  on  task 
acquisition.   Not  all  tasks  used  by  various  researchers 
have  been  classified  as  manipulative  or  vocational  (i.e., 
Naylor  &  Briggs ,  1963,  a  Markov  prediction  situation). 
From  a  review  of  the  procedures  used  in  the  various  investi- 
gations it  is  evident  that  the  procedures  are  not  defined 
similarly  to  the  definitions  used  by  operant  researchers. 
That  is,  part  methods  in  some  cases  were  described  as  the 
subject  having  a  priori  exposure  to  the  first  quadrant 
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of  a  design  (e.g.,  McGuigan,  1960,  Kohs  Block  Design  test) 
while  the  remaining  three  quadrants  were  not  exposed  together. 
In  the  same  example,  the  second  quadrant  was  exposed  next 
in  a  procedure  similar  to  forward  chaining,  but  the  other 
three  quadrants  were  hidden  from  view.   Although  Naylor 
and  Briggs  and  McGuigan  formats  differ,  in  some  cases  dras- 
tically, from  the  definitions  of  backward  chaining,  forward 
chaining  and  total  task  presentation  used  by  operant  research- 
ers, it  is  hypothesized  that  they  will  be  of  great  value 
in  showing  cross- task  and  cross-subject  generalization 
of  the  respective  formats. 

There  is  scant  literature  available  at  the  present 
time,  in  which  investigators  have  focused  on  the  comparison 
of  procedures  (e.g.,  forward  and  backward  chaining  and 
total  task  presentation)  with  retarded  and  severely  retarded 
subjects.   Therefore,  investigators  asking  experimental 
questions  concerning  whole  vs.  part  methods  have  been  included 
in  this  review  of  the  literature. 

Walls   et  al .   (in  press)  have  investigated  the  effec- 
tiveness of  forward  and  backward  chaining  and  total  task 
presentation  with  retarded  learners.   Their  investigation 
is  most  germane  to  this  investigation. 

Comparisons  with  Retarded  Subjects 

Walls   et  al.   (in  press)  is  of  primary  importance 
since  Walls  et  al.   (in  press)  use  the  other  investigators 
as  references  in  their  article  and  completely  delineate 
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the  discrepant  terminology.   For  example,  the  direct-repetitive 
part  method  used  by  Naylor  (1962)  is  comparable  to  forward 
chaining  in  operant  terminology.   Also,  the  Walls   et  al . 
article  is  most  germane  to  this  study  in  that  it  directly 
assesses  the  two  formats  (backward  chaining  and  total  task) 
used  in  this  investigation. 

The  focus  of  the  Walls  et  al.   (in  press)  study  was 
a  comparison  of  forward  chaining  (direct  repetitive  part), 
backward  chaining  (reverse-direct-repetitive  part) ,  and 
total  task  (whole  task)  methods  in  training  three  complex 
assembly  tasks  (i.e.,  bicycle  brake,  meat  grinder,  and 
carburator)  to  mild  to  moderately  retarded  adults  (age 
range  18  to  46  years) .   The  three  assemblies  were  task 
analyzed  into  gross  teachable  components.   Walls  et  al . 
did  not  present  the  analyzed  component  parts  of  the  task 
in  the  article. 

With  regard  to  training  methods,  each  subject  was 
randomly  assigned  to  a  counterbalanced  order  of  training 
methods  and  assemblies  so  that  he/she  learned  a  new  assembly 
by  a  different  method  on  each  of  three  consecutive  days. 
That  is,  each  of  the  subjects  was  exposed  to  each  of  the 
three  training  methods,  forward  chaining,  backward  chaining, 
and  whole  task;  each  used  with  different  assembly. 

The  investigators  (Walls   et  al.   in  press)  described 
(1)  forward  chaining  as,  Step  1,  put  parts  1  and  2  together 
to  predetermined  criterion  of  2  consecutive  trials  without 
error;  Step  2,  put  parts  1,  2,  3,  together,  etc.;  (2)  backward 
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chaining  as,  Step  1,  add  part  6  to  an  otherwise  completed 
assembly  (to  criterion),  Step  2,  add  parts  5  and  6  to  an 
otherwise  completed  assembly,  etc.;  (3)  whole  task  (total 
task)  has  the  subject  putting  together  all  six  parts  every 
trial  and  to  criterion.   These  definitions  are  congruent 
with  the  definition  of  the  two  chaining  procedures  used 
by  this  investigator  and  other  operant  researchers. 

From  an  examination  of  the  results  it  can  be  concluded 
that  of  the  three  methods,  the  whole  task  method  was  the 
least  effective.   The  percent  of  responses  that  were  errors 
was  on  the  average  more  than  twice  as  great  for  subjects 
in  the  whole  task  method  as  for  subjects  using  either  chain- 
ing method.   The  error  rates  for  training  using  either 
chaining  procedure  did  not  vary.   Total  time  to  criterion 
did  not  differ  among  chaining  and  whole  methods.   Walls 
et  al.  conclude  by  stating,  "Slow  learning  subjects  benefitted 
substantially  from  the  systematic  chaining  procedures"   (p.  2). 

In  another  study,  Nettlebeck  and  Kirby  (1976)  studied  the 
effects  of  whole  and  part  methods  (pure  part  and  progressive 
part)  in  the  acquisition  of  skills  necessary  to  thread 
an  industrial   sewing  machine.   The  subjects  were  30  young 
mildly  retarded  women  (range  17  to  33  years,  IQ  range  48 
to  83).   In  Nettlebeck   and  Kirby's  study,  pure  part  meant 
each  operation  was  learned  to  a  predetermined  criterion, 
(4  successive  trials  without  error)  in  isolation  before 
combining  all  operations  in  complete  task  practice.   In 
progressive  part  training,  steps  A  and  B  were  learned  to 
criterion  before  C  was  added,  etc.   The  group  trained 
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on  the  whole  method  practiced  the  complete  task  from  the 
outset. 

The  experimental  design  was  as  follows.  Thirty  subjects 
were  allocated  randomly,  ten  to  each  of  three  groups  which 
learned  the  task  using  different  training  methods.  All  10 
subjects  of  one  group  used  the  pure-part  method  and  the  20 
subjects  in  each  of  two  remaining  groups  used  progressive 
part  and  whole  part  methods.  It  is  clear  from  an  examina- 
tion of  the  experimental  design  that  not  all  subjects  were 
exposed  to  all  training  procedures. 

Nettlebeck  and  Kirby  (1976)  have  suggested  that  the 
part  training  procedures  were  superior  to  whole  training 
procedures  when  teaching  mildly  retarded  workers  an  indus- 
trial task.   They  stated: 

With  only  one  exception,  performance  during 
training  of  those  trained  by  the  whole  method 
was  poorer  than  that  of  trainees  taught  by 
part  procedures.   However,  while  the  savings 
in  time  taken  to  learn  by  part  procedures 
was  substantial,  the  progressive-part  was 
not  significantly  better  than  the  pure-part 
method,  (p.  119) 

Two  other  investigators  (i.e.,  Patterson   et  al.,  Note 
4;  Banks  &  Baer,  1966)  have  asked  similar  experimental  ques- 
tions.  In  both  experiments,  Patterson  et  al.  and  Banks  and 
Baer,  vocational  tasks  were  used. 

Patterson  et  al.'s  study  was  designed  to  compare  the 
effectiveness  of  forward  and  backward  chaining  with  respect 
to  three  dependent  variables  which  included: 
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(1)  the  length  of  time  to  learn  the  tasks, 

(2)  the  number  of  errors  in  training,  and 

(3)  the  durability  of  the  response  chain  measured 
after  treatment. 

The  subjects  were  six  female  residents  of  a  state 
institution  for  mentally  retarded  persons.   The  women  ranged 
in  age  from  17  to  22  years,  with  a  mean  age  of  19  years. 
The  subjects'  IQ  scores  ranged  from  35  to  55  with  a  mean 
IQ  of  41. 

The  investigators  used  a  total  of  six  tasks  in  the 
experiment.   From  an  observation  of  Figure  5,  it  is  evident 
that  all  six  tasks  were  not  of  a  complex  nature. 

From  an  examination  of  Patterson  et  al.'s  results, 

it  may  be  concluded  that  no  conclusive  statement  can  be 

made  with  respect  to  the  use  of  forward  and  backward  chaining 

procedures.   Patterson  et  al.  concluded  by  stating: 

While  neither  procedure  was  significantly  superior 
for  the  particular  assortment  of  tasks  involved, 
this  does  not  mean  that  for  other  tasks  one 
procedure  might  not  be  more  appropriate.   .  .  . 
Certainly,  we  should  guard  against  prescribing 
one  technique  when  others  even  though  relatively 
uninvestigated,  might  be  equally  or  more  effec- 
tive,  (p.  10-11,  1974) 

Banks  and  Baer  (1966)  conducted  a  double  experiment. 

In  both  experiments,  the  authors  were  concerned  with  two 

experimental  questions.   The  first  experimental  question 

was,  "whether  teaching  a  performance  by  chaining  is  more 

efficient  than  by  presenting  the  whole  task.   .  .  .  The 

second  experimental  question  was  whether  backward  chaining 

differs  from  forward  chaining"  (Banks  &  Baer,  1966,  p.  2). 
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Figure  5.   The  six  tasks  used  by  Patterson,  Panyan ,  Wyatt 
and  Morales. 
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In  the  first  experiment,  the  subjects  were  30  adolescent, 
mildly  retarded  boys  from  the  Parson's  State  Hospital  and 
Training  Center.   The  investigator  did  not  include  further 
information  regarding  the  boys'  range  in  age  or  IQ. 

The  task  the  subjects  were  required  to  learn  was  a 
sequence  of  five  switch  movements.   From  a  review  of  Banks 
and  Baer's  description  of  the  apparatus,  it  may  be  concluded 
that  the  apparatus  was  not  a  complex  one. 

From  an  examination  of  the  results  section  of  experi- 
ment 1,  it  may  be  concluded  that  there  was  not  differential 
advantage  to  either  chaining  procedure.   From  an  analysis 
of  the  number  of  errors,  it  may  be  stated  that  the  chaining 
procedures  were  more  efficient  training  condition  than 
the  terminal  contingency  (total  task). 

In  the  second  experiment,  the  investigators  explored 
the  stable  effects  of  chaining  on  subsequent  problems  in 
one  subject.   The  subject  was  one  mildly  retarded  adolescent 
boy  that  participated  in  the  first  experiment.   The  experi- 
menters used  the  same  apparatus  as  used  in  experiment  1. 

For  the  second  experiment,  Banks  and  Baer  suggested 
that  for  both  time  and  trials  to  criterion  the  terminal 
contingency  (total  task)  was  the  most  effective  of  the 
three  procedures.   Backward  chaining  was  the  next  most 
effective  procedure.   The  investigators  found  forward  chaining 
to  be  the  least  effective  procedure. 

In  summary,  Banks  and  Baer  examined  three  training 
methods  (i.e.,  forward  and  backward  chaining  and  terminal 
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contingency)  with  human  subjects  in  two  experiments.   They 

conclude  by  stating: 

No  differences  were  obtained  from  groups  of 
subjects  between  forward  or  backward  chaining 
on  any  of  the  three  measures  employed.   However, 
both  chaining  conditions  produced  less  errors 
and  required  significantly  less  time  than  did 
the  terminal  contingency  (total  task).   A  single 
subject  design  resulted   in  the  finding  that 
for  both  time  and  trials,  terminal  contingen- 
cies, backward  chaining  and  forward  chaining 
all  differed  from  each  other  and  were  from 
most  to  least  efficient  in  that  order.   Changing 
from  a  correction  to  a  non-correction  procedure 
eliminated  differences  between  terminal  contin- 
gency and  backward  chaining,  both  of  which 
were  more  efficient  than  forward  chaining. 
(Banks  &  Baer,  p.  7,  1966) 

In  a  fifth  study,  in  which  part  of  the  subjects  were 
retarded  persons  (mean  IQ  73.21,  SD  6.65)  Blake  and  Williams 
(1969)  assessed  whole  and  part  methods  in  the  acquisition 
of  nine  pairs  of  cvc  trigrams  (e.g.,  wup  692,  Piv  325, 
JAD  538).   The  other  subjects  in  the  study  were  (1)  normal 
(mean  IQ  102.25)  and  (2)  superior  (mean  IQ  130.25)  persons. 

For  training,  the  subjects  receiving  the  whole  method, 
the  entire  list  of  nine  pairs  was  administered  on  each 
of  the  40  trials.   Subjects  using  the  pure  parts  method 
received  the  material  according  to  the  following  schedule  : 
Part  1  (first  three  pairs),  trials  1  through  10;  Part  2 
(second  three  pairs),  trials  10  through  20;  Part  3  (third 
three  pairs),  trials  21  through  40.   In  progressive  part 
training,  the  subjects  followed  the  same  training  as  pure- 
part  through  trial  20.   Parts  1  and  2  were  combined  for 
trials  21  through  25.   Part  3  was  administered  for  trials 
26  through  35.   Parts  1,  2  and  3  were  combined  for  trials 
30  through  40. 
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Blake  and  Williams  had  two  research  objectives.   The 
first  research  objective  was  to  examine  relationships  among 
retarded,  normal  and  superior  subjects  and  rote  learning 
of  nine  associated  pairs.   Groups  equated  for  MA  did  not 
differ  in  the  number  of  pairs  learned.   Groups  equated 
for  CA  did  differ:   the  superior  subjects  exceeded  the 
normal  subjects  and  the  retarded  subjects  while  the  normal 
subjects  exceeded  the  retarded  subjects. 

The  second  research  objective  was  to  determine  whether 
whole  and  parts  methods  for  organizing  the  pair  for  practice 
influenced   the  relationships  among  retarded,  normal,  and 
superior  groups'  rote  learning.   The  groups  did  not  respond 
differentially;  and  so,  the  three  methods  did  not  influence 
the  relationships  among  the  groups.   In  all  groups,  subjects 
using  the  whole-method  performed  most  adequately  and  subjects 
using  the  pure-parts  and  progressive  parts  methods  performed 
with  similar  adequacy. 

Comparisons  with  Normal  Subjects 

Three  sets  of  investigators  have  reported  using  normal 
subjects  of  various  backgrounds  (i.e.,  recruit  soldiers, 
and  112  undergraduate  psychology  students)  and  the  training 
of  different  tasks  (i.e.,  rifle  marksmanship  and  Markov 
task  prediction)  to  assess  the  effectiveness  of  the  same 
training  procedures  (whole  vs.  part  methods)  with  their 
respective  populations.   As  with  the  comparison  with  retarded 
populations,  the  investigators  reported  varied  results. 
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McGuigan  and  MacCaslin  (1955)  reported  assessing  the 
effectiveness  of  whole  and  part  methods  in  the  acquisition 
of  a  perceptual  motor  skill  (i.e.,  rifle  marksmanship). 
The  subjects  were  148  trainees  of  Fort  Knox,  Kentucky, 
infantry  company.   In  the  second  experiment,  a  repetition 
of  the  first,  the  subjects  were  200  trainees  of  a  Fort 
Jackson,  South  Carolina,  infantry  company. 

According  to  McGuigan  and  MacCaslin  there  were  several 
subtasks  which  comprised  the  process  of  learning  to  fire 
an  army  rifle.   The  trainee  learned  (a)  to  assume  certain 
well-defined  postures  for  firing  in  the  standing,  kneeling, 
sitting,  and  prone  positions;  (b)  either  to  wrap  (hasty  sling) 
or  loop  (loop  sling)  the  rifle  sling  about  his  arm  as  the 
position  demands;  (c)  to  move  the  sight-adjustment  to  alter 
the  strike  of  the  bullet;  (d)  to  load  and  unload  his  weapon; 
and  other  subtasks. 

In  training,  group  1  was  trained  using  the  repetitive 
part  method.   Each  learner  received  instruction  on  the 
first  subtask  of  the  firing  act,  then  on  the  second  simul- 
taneously with  practice  on  the  first,  then  on  subtasks 
(a),  (b) ,  and  (c)  together,  and  so  on  until  all  were  put 
together  into  the  act  of  firing.   Group  2  was  trained  using 
the  whole  method.   They  were  instructed  in  the  entire  se- 
quence of  movements  on  every  trial.   Group  3  was  trained 
using  what  is  referred  to  as  an  incomplete -whole  training 
method.   In  other  words,  group  3  was  not  provided  with 
the  outcome  (target  information)  of  the  firing.   Knowledge 
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of  results  are  considered  to  be  an  important  part  of  the 
total  firing  behavior.   Group  4  received  no  training,  train- 
ees in  group  4  were  given  only  essential  instruction  includ- 
ing safety  precautions  and  range  procedures. 

From  an  examination  of  the  results  it  can  be  concluded 
that  a  whole  method  of  learning  a  complex,  perceptual  motor 
skill,  such  as  rifle  marksmanship,  was  superior  to  the  part 
methods  for  subjects  of  all  levels  of  intelligence.   McGuigan 
and  MacCaslin  suggested  that  the  whole  method  may  be  superior 
to  the  part  method  due  to  the  fact  that  the  whole  method 
involves  distributed  practice  in  firing,  the  goal -act  of 
rifle  marksmanship. 

In  a  second  study,  Naylor  and  Briggs  (1963)  evaluated 
whole  and  progressive  part  procedures  of  training  with 
112  undergraduate,  female,  students  in  introductory  psychol- 
ogy classes  with  a  Markov  prediction  situation.   Briefly, 
a  Markov  prediction  situation  is  one  in  which  the  subject 
is  asked  to  make  predictions  about  (1)  stimuli  (i.e.,  air- 
craft, carrier,  or  submarine);  (2)  location  of  stimuli 
(i.e.,  left,  center,  or  right);  and  (3)  number  of  stimuli 
(i.e.,  one,  two,  or  three  objects  of  a  single  type). 

Naylor  and  Briggs'  study  was  designed  as  a  test  of 

the  Naylor  (1962)  interaction  hypothesis.   Naylor  stated 

that: 

There  should  be  an  interaction  between  task 
complexity,  task  organization,  and  training 
methods  such  that  (a)  for  tasks  of  relative 
high  organization  as  task  complexity  is  in- 
creased whole-task    training    should  become 
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relatively  more  efficient  than  part  methods; 

(b)  for  tasks  of  relatively  low  organization 
an  increase  should  result  in  a  part  task  method 
becoming  superior  to  the  whole- task  procedure. 

(p.  21) 

For  the  whole  training  procedure,  the  groups  (1,  3, 
5,  and  7)  made  all  three  predictions  (i.e.,  type,  where 
and  number)  for  every  stimulus  event  throughout  the  entire 
five-day  period.   The  groups  receiving  the  progressive 
part  training  (2,4,6,  and  8)  predicted  only  type  (i.e., 
aircraft,  etc.)  on  session  1,  type  and  number  on  session 
2,  where  and  number  on  session  3,  and  all  three  dimensions 
on  sessions  4  and  5. 

The  progressive  part-procedure,  in  this  investigation 
is  different  from  forward  chaining.   In  this  case,  the 
investigators  did  not  train  type,  for  example,  to  a  pre- 
determined criterion  before  adding  type  to  zone  (where) . 
The  whole  method  in  this  study  is  the  same  as  used  in  tra- 
ditional studies  and  does  not  vary  from  a  true  total  task 
format. 

From  an  examination  of  the  results,  it  is  evident 
that  the  groups  receiving  the  progressive  part  training 
exceeded  the  skill  level  of  the  groups  receiving  whole 
training  in  transfer  performance  on  the  high-complexity, 
low  task-organization.   For  an  unorganized  task,  part  train- 
ing surpassed  whole  training  in  efficiency  when  the  task 
was  complex. 

Naylor's  hypothesis  that  the  relative  efficiency  of 
the  two  training  methods  would  be  related  to  an  interaction 
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between  task  complexity  and  task  organization  seemed  sub- 
stantiated.   Given  a  task  of  high  organization,  increasing 
the  difficulty  tended  to  favor  whole  training  method's 
efficiency  relative  to  progressive  part  efficiency.   Exactly 
the  reverse  was  true  with  tasks  of  low  organization. 

McGuigan  (1960)   studied  the  effects  of  whole  and 
part  procedures  on  the  learning  of  Koh's  Block  design  test. 
Koh's  Block  design  test  is  a  test  involving  the  manipulation 
of  blocks.   When  the  blocks  have  been  manipulated  into 
the  appropriate  position,  they  form  a  specific  design  of 
cubes.   All  sides  of  the  block  can  be  used  in  the  process 
of  developing  the  correct  pattern. 

Subjects  were  72  undergraduate  women  at  Hollins  College, 
Nine  undergraduate  women  in  psychology  were  trained  as 
experimenters . 

Four  different  variations  of  part,  whole  methods  were 
used.   The  four  different  conditions  were  (1)  part  method, 
(2)  very -incomplete -whole  method,  (c)  incomplete-whole 
method,  and  (d)  whole  method.   For  subjects  receiving  the 
part  method,  four  blocks  were  given  and  the  subjects  were 
allowed  to  look  at  only  the  first  quadrant  of  the  design. 
The  remaining  three  quadrants  were  not  exposed  to  the  sub- 
jects.  The  subjects  reproduced  the  first  quadrant  12  times. 
Next,  the  second  quadrant  was  exposed  while  the  other  three 
quadrants  were  hidden  from  view.   A  similar  procedure  was 
used  as  with  the  first  quadrant  with  the  third  and  fourth 
quadrants . 
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The  part  method  used  here  does  not  resemble  forward 
chaining.   First,  parts  are  not  added  progressively,  quad- 
rant 1,  (criterion)  then  quadrant  1  and  2  (criterion)  and 
so  on.   Second,  a  criterion  of  errorless  performances  is 
not  established.   The  learner  merely  repeats  the  design 
12  times,  regardless  of  the  outcome. 

In  the  very  incomplete -whole,  the  subjects  were  given 
eight  blocks  and  exposed  to  half  of  the  design  and  then 
reproduced  the  half  they  saw  12  times.   Next,  the  first 
half  of  the  design  was  covered  up  and  the  second  half  ex- 
posed.  Again,  as  with  the  first  half,  the  subjects  repro- 
duced the  second  half  of  the  design  12  times. 

For  the  incomplete  whole  procedure,  the  design  was 
divided  into  two  unequal  parts.   First,  the  first,  second, 
and  third  quadrants  were  exposed  simultaneously  while  the 
fourth  quadrant  was  covered.   The  subjects  reproduced  these 
three  quadrants  as  a  unit  12  times.   Subsequently,  the 
fourth  quadrant  was  exposed,  while  the  first  three  quad- 
rants were  covered.   Subjects  also  produced  this  fourth  . 
quadrant  design  12  times. 

In  the  whole  training  procedures,  no  part  of  the  design 
was  ever  covered.   Hence,  subjects  reproduced  the  design 
12  times  as  a  total  unit.   The  description  of  the  whole 
training  procedure  is  consistent  with  a  standard  total 
task  procedure. 

From  an  examination  of  the  results  it  can  be  concluded 
that,  in  general,  the  larger  the  practice  unit  (training 
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unit)  the  better  the  performance.   That  is,  McGuigan's 
findings  agreed  with  previous  findings  (e.g.,  McGuigan 
&  MacCaslin)  that  much  of  the  superiority  of  the  whole 
training  procedure  may  be  due  to  the  fact  that  it  entails 
distributed  practice. 

Cox  and  Boren  (1965)  examined  three  different  training 
techniques  (i.e.,  backward  chaining,  forward  chaining  and 
total  task  presentation)  in  training  30  men  to  perform 
a  72-action  procedure  on  Nike  Hercules  equipment.   The 
Nike  Hercules  system,  Blue  Status  procedures  for  the  Section 
Control  Indicator  (SCI)  is  a  72-step  fixed  procedure  during 
which  the  individual  prepares  the  missile  for  firing. 

The  investigators  broke  the  72  steps  into  seven  operant 
spans.   Gilbert  (1962)  defined  an  operant  span  as  a  group 
of  operants  which  follow  one  another  in  chronological  order. 
Cox  and  Boren  suggested  that  an  operant  span  has  an  optimum 
length  for  efficient  learning.   The  optimal  number  of  operants 
in  a  span  is  estimated  and  is  subject  to  change  based  on 
experience. 

The  investigators  defined  the  procedures  as  follows: 
10  men  were  assigned  at  random  to  each  of  three  teaching 
methods.   The  men  receiving  the  backward  chaining  procedure, 
learned  the  last  span  first.   Next,  the  trainee  performed 
the  last  two  spans  and  so  on  in  reverse  order.   The  10 
men  receiving  the  forward  chaining  procedure  were  trained 
on  the  first  operant  span,  then  the  first  two  and  so  on 
in  a  forward  order.  The  10  men  receiving  the  total  task 
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presentation  were  not  given  specific  operant  spans  to  learn. 
The  men  practiced  all  72  steps  every  time. 

Cox  and  Boren  reported  that  there  were  no  significant 
differences  among  procedures.   From  a  review  of  the  results 
section  of  the  study,  it  may  be  concluded  that  the  men 
receiving  the  operant  spans  (i.e.,  forward  or  backward 
chaining)  were  no  more  efficient  than  the  men  receiving 
the  whole  task  method.   The  men  trained  on  the  backward 
chaining  procedure  were  no  more  efficient  than  those  men 
trained  on  the  forward  chaining  procedure. 

Several  conclusions  can  be  drawn  from  this  review 
of  studies  in  which  procedures  have  been  compared.   First 
of  all,  there  is  a  wide  range  and  variety  of  definitions 
for  the  procedures.   Secondly,  not  all  of  the  subjects 
in  the  investigations  have  been  retarded  or  severely  retarded 
individuals.   Finally,  when  backward  chaining  was  one  of 
the  compared  procedures,  it  was  not  the  most  effective 
and  efficient  procedure. 

Summary  of  Related  Literature 
In  summary,  only  three  investigators  (i.e.,  Banks 
&  Baer,  1966;  Patterson  et  al . ,  Note  4;  Walls   et  al., 
in  press)  in  the  area  of  vocational  training  of  retarded 
persons  have  compared  the  effectiveness  of  backward  chaining 
with  a  total  task  presentation.   None  of  the  investigators 
has  reported  using  subjects  that  were  severely  or  profoundly 
retarded.   All  investigators  have  not  reported  similar 
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findings  and  conclusions.   Consequently,  the  purpose  of 
this  study  is  to  investigate  the  effectiveness  of  these 
two  procedures  with  regard  to  the  acquisition  of  a  complex 
task  by  severely  and  profoundly  retarded  persons. 

An  important  consideration  for  this  investigation, 
emerging  from  the  previous  review  of  the  literature,  is 
the  fact  that  all  procedures  have  been  reported  to  be  effec- 
tive in  isolation.   When  a  comparison  was  made  with  mildly 
retarded  learners  as  the  subjects  (e.g.,  Walls   et  al., 
in  press)  chaining  procedures  were  more  effective  than 
a  total  task  presentation.   When  mildly  retarded  women 
learned  to  thread  an  industrial  sewing  machine,  part  methods 
were  superior  to  whole  methods. 

There  is  ample  evidence  that  suggests  that  it  would 
be  appropriate  to  examine  the  effectiveness  and  efficiency 
of  backward  chaining  and  total  task  presentation.   Evidence 
has  also  been  presented  which  suggests  the  need  to  examine 
the  unanimous  acceptance  of  any  training  procedure,  especially 
with  regard  to  severely  handicapped  learners  acquiring 
complex  vocational  assembly  skills.   An  attempt  to  respond 
to  these  nonconclusive  points  has  been  made  in  the  present 
study  by  conducting  an  operant  analysis  of  the  effects 
of  backward  chaining  and  total  task  presentation. 


CHAPTER  III 
METHODS  AND  PROCEDURES 
Backward  chaining,  forward  chaining,  and  total  task 
presentations  have  all  been  found  to  be  effective  training 
procedures  in  the  teaching  of  self-help  and  complex  voca- 
tional skills  to  severely  and  profoundly  retarded  persons. 
When  these  procedures  have  been  compared  using  mildly 
retarded  subjects,  chaining  procedures  have  appeared 
to  be  superior  to  total  task  or  whole  method  procedures. 
For  the  purposes  of  this  study  only  two  of  the  procedures 
(i.e.,  backward  chaining  and  total  task  presentation) 
were  tested  for  their  effectiveness  and  efficiency.   From 
a  review  of  the  literature,  it  is  apparent  that  the  pro- 
cedures of  backward  chaining  and  total  task  presentation 
are  the  most  frequently  discussed.   Also,  it  is  evident 
that  these  two  procedures  have  not  been  compared  in  the 
training  of  severely  and  profoundly  retarded  learners 
to  perform  vocational  tasks. 

Statement  of  Hypotheses 

To  fulfill  the  purposes  of  the  study,  the  following 
hypotheses  were  tested: 

1.   There  are  no  differences  between  the  celerations 
of  tasks  training  performance  curves  when  backward  chaining 
presentations  or  total  task  presentations  are  used  to  teach 
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a  complex  vocational  task  to  a  severely  or  profoundly  re- 
tarded person. 

2.  There  are  no  differences  between  trials  to  cri- 
terion for  subjects  when  backward  chaining  or  total  task 
presentation  is  used  to  teach  a  complex  vocational  task 
to  a  severely  or  profoundly  retarded  person. 

Subjects 

The  subjects  were  eight  (two  sets  of  four)  severely 
and  profoundly  retarded  residents  (IQ  range  35-15)  of 
the  Sunland  Training  Center,  at  Gainesville,  Florida. 
The  subjects  ranged  in  age  from  16  through  60  years. 
They  were  further  selected  for  inclusion  in  the  sample 
by  having  no  motor  problems  involving  hand  dexterity, 
visual  or  hearing  acuity,  or  self -mutilating  behaviors. 
After  residents  that  were  between  the  ages  of  16  and 
60  years  and  had  met  the  other  criteria  specifications 
had  been  selected,  they  were  further  chosen  for  inclusion 
in  this  sample  through  the  use  of  a  table  of  random  numbers 
The  principal  investigator  was  responsible  for  choosing 
the  random  numbers,  as  well  as  selecting  the  client  popu- 
lation for  this  research  study. 

Trainers 

Trainers  for  this  investigation  were  provided  by 
the  experimenter.   It  was  projected  that  all  the  training 
could  be  done  by  the  principal  investigator  with  the  aid  of 
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one  additional  person.   The  additional  staff  member  was  cali- 
brated on  the  training  and  data  collection  procedures  for  both 
tasks  prior  to  the  first  day  of  client  training.   That  is,  the 
other  staff  member  was  instructed  as  what  was  regarded  as 
correct  and  incorrect  performance  on  each  task  as  well  as  the 
difference  between  backward  chaining  and  total  task  presenta- 
tion.  After  the  additional  trainer  was  instructed  he  was 
tested  by  the  principal  investigator  prior  to  training  the 
first  client  on  appropriate  training  procedures,  duration 
timings,  and  data  collection  procedures.   Based  on  a  review  of 
the  literature,  it  has  taken  other  investigators  (i.e.,  Gold, 
1972;  Spooner  &  Reid,  Note  1;  Spooner  et  al . ,  Note  2)  24  hours, 
18  hours,  and  15  hours,  respectively,  to  train  naive  trainers 
in  appropriate  instructional  techniques  to  conduct  complex 
assembly  task  training.   For  the  purposes  of  this  investigation, 
the  two  trainers  were  not  naive,  initially,  to  the  training 
needs  of  low  functioning  persons;  therefore,  less  time  was 
anticipated.   The  trainers  spent  approximately  eight  hours  in 
joint  general  review  of  the  experimental  question  and  litera- 
ture pertaining  to  the  experimental  question.   The  amount  of 
time  that  was  devoted  to  the  specific  training  of  the  addi- 
tional trainer  was  less  than  one  hour  in  order  for  him  to 
meet  training  criteria. 

The  additional  trainer  observed  the  principal  investigator 
train  subject  1.   Subsequent  to  that  observation,  the  additional 
trainer  implemented  the  procedure (s)  with  subject  2  (his  sub- 
ject) and  was  observed  by  the  principal  investigator. 
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For  this  investigation  there  was  no  measure  of  inter- 
observer  reliability.   This  decision  was  based  on  Johnston  and 
Pennypacker ' s  (in  press)  statement  that  "Using  two  or  more  ob- 
servers to  detect  behavioral  events  cannot  provide  any  infor- 
mation about  the  reliability  of  any  one  observer's  judgment" 
p.  320.   Reliability  of  trainers'  judgment  or  procedures  used 
was  the  stability  of  the  responses  of  a  single  observer  over 
repeated  presentations  of  the  same  stimulus  complex.   Reli- 
ability for  the  procedures  used  could  only  be  determined  by 
comparing  repeated  observer  judgments  to  each  other  over  a 
series  of  presentations  of  the  tasks  with  an  individual  subject, 

Setting 

Experimental  sessions  took  place  on  the  grounds  of  the 
Sunland  Training  Center,  Gainesville,  Florida.   Training  rooms 
were  provided  by  the  Vocational  Training  Department  of  the 
Sunland  Training  Center.   The  training  room  at  Sunland  Center 
did  not  contain  other  persons  in  training  (i.e.,  in  groups  or 
single  sessions)  at  the  time  of  the  experimental  sessions  for 
this  investigation.   In  the  room  used  for  training  there  were 
two  tables  of  equal  size  and  two  chairs  for  each  table,  one 
for  the  learner  and  one  for  the  experimenter.   Other  materials 
were  a  training  tray  (see  Figure  6),  three  complete  sets  of 
the  task  to  be  trained  during  that  session,  and  sufficient 
and  appropriate  data  collection  forms  for  the  task  being 
trained. 

There  were  no  windows  at  eye  level,  so  the  subjects'  pro- 
gress was  not  impeded  by  gazing  out  a  window.   There  were  no 
other  distracting  stimuli  in  the  room  used  for  training. 
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Apparatus 

Assemblies .   Two  different  assemblies  were  put  to- 
gether by  each  subject.   The  task  parts  for  each  assembly 
consisted  of  seven  different  pieces.   No  components  of 
the  two  assemblies  were  identical  or  interchangeable. 

One  assembly,  a  drain,  was  composed  of  (1)  a  7  mm 
by  3.5  mm  drain  head,  (2)  a  6.5  mm  rubber  washer,  (3)  a 
6.5  mm  hexagonal  lock  washer,  (4)  a  4.5  mm  by  10  mm  pipe, 
(5)  a  4  mm  slip  nut,  (6)  a  4.5  mm  plastic  washer,  and 
(7)  a  4.5  mm  rubber  stopper  (see  Figure  7).   The  other 
assembly,  a  gate  valve,  was  composed  of  (1)  a  6  mm  turn 
knob,  (2)  a  1  mm  nut,  (3)  a  2.5  mm  cap,  (4)  a  4  mm  by 
4  mm  valve,  (5)  a  5  mm  plastic  washer,  (6)  a  6.5  mm  by 
7.5  mm  housing,  and  (7)  an  11  mm  stem  (see  Figure  8). 

Training  trays.   Each  investigator  placed  the  unas- 
sembled pieces  of   the  tasks  (i.e.,  drain  assembly  and 
gate  valve)  in  a  training  tray.   There  were  two  training 
trays  in  the  room  used  for  training,  one  for  each  task. 
The  training  trays  were  made  of  wood  and  had  seven  differ- 
ent compartments  (i.e.,  one  for  each  component  part  of 
the  task)  and  were  60  mm  wide  by  45  mm  long  (see  Figure  6). 

Timing  devices.   Each  experimenter  used  a  digital  stop 
watch  with  a  "split  timing"  capability  to  measure  the 
durations  of  each  step  of  the  tasks.   Each  experimenter's 
watch  was  able  to  measure  accurate  times  to  the  1/100 
of  a  second  level. 
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Reinforcing  stimuli.   The  reinforcing  stimuli  used 
for  each  subject  was  not  determined  until  the  subjects 
were  selected  for  inclusion  in  this  study,  since  reinforc- 
ing stimuli  are  specific  to  the  individual.   When  an 
experimenter  selected  a  reinforcing  stimulus  based  on 
the  preference  of  the  individual,  the  experimenter  had 
empirically  tested  the  effectiveness  of  the  reinforcer 
with  the  individual. 

Experimental  Design 

The  experimental  design  was  a  multiple-baseline 
procedure  across  individuals  which  included  the  first 
four  subjects  and  a  direct  replication  (Sidman,  1960) 
involving  the  four  other  subjects.   Through  the  use  of 
such  a  design,  each  subject  was  exposed  to  each  task, 
under  a  specific  treatment  condition  (i.e.,  backward 
chaining  or  total  task  presentation) .   The  basic  design 
was  anABBABAAB.  .  .  paradigm. 

With  only  two  tasks  and  two  procedures,  four  subjects 
were  needed  to  equally  counterbalance  the  tasks  and  the 
procedures.   In  order  to  see  if  the  experimental  effect 
would  generalize  across  subjects,  four  more  subjects 
were  added.   In  the  generalization  phase  of  the  experiment, 
there  was  a  direct  replication  of  the  procedures  used 
with  the  first  four  subjects. 

Johnston  and  Pennypacker ' s  (in  press)  notation  of 
design  elements  was  followed  (see  Figure  9)  in  the  display 
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of  the  experimental  design.   Subjects  1  and  5  started 
with  the  gate  valve  and  the  total  task  condition.   Similarly, 
subjects  2  and  6  received  the  total  task  condition  first, 
but  with  the  drain  assembly.   Subjects  3  and  7,  as  well  as 
subjects  4  and  8,  started  with  the  backward  chaining  condition, 
but  with  the  gate  valve  and  the  drain  assembly,  respectively 
(see  Figure  9).   It  was  important  that  the  investigator 
alternated  the  procedures,  the  tasks,  the  subjects  and  the 
setting  equally  so  that  each  task  was  equally  counterbalanced 
with  each  procedure  and  setting. 

Figure  9  is  a  graphic  depiction  of  the  experimental 
design.   Subjects  1  and  5,  2  and  6,  3  and  7,  and  4  and  8 
received  the  identical  treatment  condition.   The  change  in 
line  direction  (i.e.,  up  or  down)  has  been  used  to  indicate 
a  change  in  the  treatment  condition.   The  breaks  in  the  line 
are  not  to  be  considered  changes  in  condition,  but  rather 
as  an  end  of  a  trial  and  a  beginning  of  a  new  trial,  when 
the  subject  remained  in  the  same  experimental  condition 
(i.e.,  the  subject  finished  a  trial  with  the  drain  in  the 
backward  chaining  condition  and  the  subject  will  continue 
the  next  trial  with  the  drain  in  the  backward  chaining 
condition) . 

Dependent  Variables 

The  dependent  variables  in  the  study  were  four.   First 
was  the  performance  by  a  subject  on  the  drain  assembly 
with  the  total  task  procedure.   Second  was  the  performance 
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by  a  subject  on   the  drain  assembly  with  backward  chaining. 
Third  was  the  performance  by  a  subject  on  the  gate  valve 
with  backward  chaining.   Fourth  was  the  performance  by 
a  subject  on  the  gate  valve  with  total  task  presentation. 

Independent  Variables 

There  were  two  independent  variables.   The  first 
independent  variable  was  the  experimenter's  manipulation 
of  the  backward  chaining  procedure.   The  second  independent 
variable  was  the  investigator's  manipulation  of  the  total 
task  procedure.   In  both  procedures  the  experimenter 
changed  the  procedure  within  each  experimental  setting 
and  within  each  experimental  task  (see  Figure  9).   The 
investigator  completed  the  experimental  manipulation 
of  the  variable  so  that  each  task  was  equally  counter- 
balanced with  each  procedure. 

Instrumentation 

A  data  collection  form  for  each  task  was  designed 
in  order  to  facilitate  measurement  of  the  rate  of  acquisi- 
tion on  the  respective  tasks.   In  the  total  task  presenta- 
tion one  trial  was  the  total  assembly  of  the  task  (either 
drain  assembly  or  gate  valve).   In  backward  chaining, 
one  trial  was  the  assembly  of  a  specified  component  part 
of  the  drain  assembly  or  gate  valve.   The  data  collection 
form  for  the  drain  assembly  and  the  gate  valve  are  presented 
in  Tables  3  and  4,  respectively. 
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Data  Collection 

There  were  two  parts  to  the  data  collection  system 
for  this  investigation.   First,  the  trainer  recorded 
a  duration  measure  (i.e.,  time  spent  per  step)  for  each 
step  of  each  task  and  placed  it  in  the  cells  corresponding 
to  the  steps  of  the  task.   Second,  the  trainer  also  recorded 
a  plus  (+)  or  a  minus  (-)  for  each  step  of  each  task 
and  placed  it  in  the  cells  corresponding  to  the  steps 
of  the  task.   The  form  was  a  matrix  on  which  the  row 
represents  the  steps  of  the  task,  and  the  columns  repre- 
sent trials  (Tables  3  and  4,  respectively).   A  minus 
(-)  was  given  when  the  trainer  had  to  intervene.   A  self- 
correction  procedure  was  not  used  due  to  the  nature  of 
the  experiment.   This  procedure  is  specified  in  the  work 
of  Gold  (1972). 

Data  Analysis 

The  rates  of  acquisition  on  the  drain  assembly  and 
the  gate  valve  for  each  subject  were  plotted  using  a 
noncumulative  graphic  display  (Pennypacker ,  Koenig,  & 
Lindsley,  1972).   The  data  from  each  corresponding  trial 
were  entered  on  the  same  chart.   That  is,  subject  one's 
first  trial  data  for  all  the  days  of  training  were  plotted 
on  the  same  chart.   Subject  one's  second  trial  data  were 
plotted  on  a  second  chart.   This  charting  procedure  was 
followed  for  the  third  and  fourth  trials  of  subject  one 
and  for  the  four  trials  of  the  remaining  subjects. 
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The  non cumulative  records  were  subjected  to  visual  inspec- 
tion as  the  primary  analytic  method.   A  quantative  computer 
analysis  was  used  as  a  supplemental  method  of  analysis. 

The  trends  in  the  data  from  task  to  task  and  procedure 
to  procedure  were  the  basis  on  which  the  null  hypotheses  were 
accepted  or  rejected.   Celeration  was  the  measure  that  was 
used  to  assess  behavior  change  with  regard  to  acquisition  of 
the  two  tasks  using  the  two  different  procedures.   Celeration 
has  been  selected  as  the  measure  used  to  assess  behavior 
change  since  it  is  the  basic  unit  of  measurement  used  to 
show  behavior  change  (Pennypacker  et  al . ,  1972). 

These  data  were  displayed  as  distributions  on  a  logarith- 
mic scale.   The  logarithmic  scale  aided  in  interpretation 
because  it  assisted  in  normalizing  the  display  of  data. 


CHAPTER  IV 
RESULTS 

The  results  of  the  analysis  of  the  data  are  presented  in 
Chapter  IV.   The  chapter  is  divided  into  two  major  sections 
which  correspond  to  the  hypotheses  of  the  study.   In  the 
hypotheses  the  differences  between  celerations  and  trials 
to  criterion  were  examined  for  subject  performance  with  the 
backward  chaining  procedure  and  total  task  presentation. 
Hypothesis   One 

In  the  first  hypothesis  the  differences  between  the  cele- 
rations were  examined  for  task  training  performance  curves 
when  backward  chaining  presentation  or  total  task  presentation 
were  used  to  teach  a  complex  vocational  task  to  a  severely  or 
profoundly  retarded  person.   Celeration  is  defined  as  the 
change  in  frequency  per  unit  time;  the  number  of  movements/ 
minute/week  (Pennypacker  et  al . ,  1972).  The  hypothesis  was 
that  there  were  no  differences  between  the  celerations  of  the 
two  training  performance  curves. 

The  data  for  hypothesis  one  were  analyzed  by  three  dif- 
ferent processes.   The  first  process  was  a  comparison  of  a 
family  of  celerations,  both  intrasubject  and  intersub ject , 
for  correct  responding  and  incorrect  responding  (see  Figures 
10  and  11) .   The  second  process  was  a  comparison  of  the 
improvement  indices  for  each  subject  and  then  among  subjects. 
In  conjunction  with  the  examination  of  the  improvement 
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indices  the  investigator  also  compared  total  responding  for 
all  subjects  for  each  procedure  (see  Figure  12,  panels  Q  and 
R) .   The  third  procedure  was  a  comparison  of  correct  and 
incorrect  responding  for  each  pair  of  trials  (i.e.,  the  first 
time  the  individual  received  the  total  task  presentation  and 
the  backward  chaining  procedure  was  the  first  pair)  by  subject 
(see  Figures  13,  14,  15,  and  16). 

From  an  analysis  of  Figure  10  it  is  evident  that  the 
total  task  procedure  had  a  larger  effect  on  correct  responding 
than  did  the  backward  chaining  procedure.   The  celerations  for 
the  backward  chaining  procedure  were  only  superior  to  the 
celerations  for  the  total  task  procedure  in  five  cases  out 
of  64  possible  cases  (i.e.,  Subject  3,  trial  7;  Subject  5, 
trials  5  and  8;  Subject  7,  trials  4  and  7). 

Subject  l's  correct  total  task  celerations,  as  shown  in 
Figure  10,  panel  A,  were  x  1.17,  x  1.16,  x  1.22,  and  x  1.25. 
Her  backward  chaining  celerations  were  x  1.23,  x 1.26,  x  1.27, 
and  x  1 .30 . 

Subject  5's  correct  responding  under  tht  total  procedure 
(panel  B)  ranged  from  a  x  1.24  to  a  x  1.66.   Her  correct 
responding  under  the  backward  chaining  procedure  ranged  between 
a  t  1.17  and  a  x  1.17. 

Subject  2's  correct  total  task  celerations,  as  shown  in 
Figure  10,  panel  C,  were  x  1.49,  x  1.49,  x  1.52  and  x  1.65. 
Her  correct  backward  chaining  celerations  were  f  1.37,  ^  1.27, 
t  1.13,  and  •  1.06. 
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Subject  6's  correct  celerations  for  the  total  task  pre- 
sentation, Figure  10,  panel  D,  were  x  1.72,  x  2.70,  x  2.38, 
and  x  2.12.   His  correct  celerations  for  the  backward  chain- 
ing procedure  were  f  1.18,  x  1.21,  x  1.33,  and  x  1.26. 

From  an  observation  of  Figure  10,  panel  E,  it  is  evident 
that  Subject  3's  correct  performance  under  either  condition  did 
not  differ  greatly.   His  total  task  celerations  ranged  from 
x  1.22  to  x  1.36.   His  backward  chaining  celeration  ranged  from 
x  1.21  to  x  1.30. 

Subject  7's  celerations,  Figure  10,  panel  F,  had  a  wider 
range  than  Subject  3's  correct  celerations.   His  correct  cele- 
rations for  the  total  task  procedure  ranged  from  x  1.32  to 
x  1.64.   His  correct  celerations  for  the  backward  chaining 
procedure  ranged  from  x  1.08  to  x  1.57. 

Subject  4's  correct  celerations  for  the  total  task  pro- 
cedure, Figure  10,  panel  G,  were  x  1.58,  x  1.54,  x  1.24,  and 
x  1.17.   Her  correct  celerations  for  the  backward  chaining 
procedure  were  x  1.02,  i   1.10,  *  1.27  and  ■=•  1.16. 

Subject  8's  correct  celerations,  Figure  10,  panel  H,  had 
the  widest  range  of  all  subjects.   Her  correct  celerations 
under  the  total  task  procedure  ranged  from  x  1.62  to  x  3.57. 
Her  correct  backward  chaining  celerations  ranged  from  t    2.62 
to  i    1.52. 

It  is  observed  from  an  analysis  of  Figure  11  that  neither 
procedure  had  a  significant  impact  on  incorrect  responding. 
From  a  further  analysis  of  Figure  11,  panel  A,  it  would  appear 
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that  the  backward  chaining  procedure  was  the  most  significant 
on  the  incorrect  responding  of  Subject  1. 

Subject  l's  incorrect  celerations,  under  the  total  task 
condition,  Figure  11,  panel  A,  were  *  1.56,  t  1.42,   t  1.42, 
and  v  1.48.   Her  incorrect  celerations  for  the  backward  chain- 
ing procedure  were  t  1,24,  f  1.21,   ±1.21,  and   *  1.14. 

Subject  5's  incorrect  celerations  under  the  total  task 
condition,  Figure  11,  panel  B,  were  -f  1.36,  t  1.28,  f  1.53,  and 
t  1.14.   Her  incorrect  celerations  for  the  backward  chaining 
procedure  were  t  2.19,  t  2.18,  t  1.66,  and  t  1.78. 

Subject  2's  incorrect  celerations  for  the  total  task 
procedure,  Figure  11,  panel  C,  were  *  1.52,  ^1.43,  *  1.41, 
and  t  1.43.   Her  incorrect  celerations  for  the  backward  chain- 
ing procedure  were  f  1.84,  t  1.72,  t  1.51,  and  t  1.47. 

Subject  6's  incorrect  celerations,  Figure  11,  panel  D, 
for  the  total  task  procedure  were  f  1.40,  ^1.37,  t  1.26,  and 
t  1.50.   His  incorrect  celerations  for  the  backward  chaining 
procedure  were  f  1.38,   t  1.23,  f  1.02,  and  f  1.14. 

As  with  Subject  3's  correct  celerations,  Subject  3's  in- 
correct celerations,  Figure  11,  panel  E,  for  either  procedure 
did  not  differ  greatly.   His  incorrect  celerations  for  the 
total  task  procedure  ranged  from  t  1.30  to  t  1.46.   His  in- 
correct celerations  for  the  backward  chaining  procedure  ranged 
from  t  1.19  to  ~   1.47. 

Subject  7's  incorrect  celerations,  Figure  11,  panel  F, 
for  the  total  task  procedure  had  a  wider  range  than  did 
Subject  3's  incorrect  total  task  celerations.   His  incorrect 
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total  task  celerations  were  *  1.52,  f  1.31,  *  2.23,  t  1.33. 
His  incorrect  backward  chaining  celerations  were  f  1.50, r  1.37, 
f  2.00,  and  i    2.15. 

From  an  examination  of  Figure  11,  panel  G,  it  was  evi- 
dent that  Subject  4's  incorrect  celerations  were  greater  under 
the  backward  chaining  conditions.   Her  incorrect  celerations 
for  the  total  task  condition  were  t    1.02,  f  1.33,   t  1.43,  and 
t  1.31.   Her  incorrect  celerations  under  the  backward  chaining 
condition  were  f  1.49,  v  1.63,  i    1.92,  and  t  1.76. 

Subject  8's  incorrect  celerations,  Figure  11,  panel  H,  for 
each  procedure  were  similar.   Her  incorrect  celerations  for 
the  total  task  procedure  were  t  1.98,  r    2.11,  v  2.26,  and 
t  1.79.   Her  incorrect  celerations  for  the  backward  chaining 
procedure  were  t  1.96,  t  2.33,  t  1.91,  and  *  2.71. 

The  improvement  indices  for  each  subject  and  for  each  pro- 
cedure are  represented  by  dots  in  Figure  12.   In  general,  there 
is  not  a  clear  depiction  of  differences  between  procedures  for 
each  subject-,  however,  there  are  clear  separations  for  the  two 
procedures  for  Subject  2,  Subject  6,  Subject  4,  and  Subject  8. 
From  an  analysis  of  Figure  9  (Chapter  3)  it  is  clear  that  these 
differences  are  with  the  replicate  subjects,  also  increasing 
the  power  or  magnitude  of  the  difference. 

Subject  l's  improvement  indices  for  the  total  task  proce- 
dure, Figure  12,  panel  A,  ranged  from  a  x  1.65  to  a  x  1.86. 
Her  improvement  indices  for  the  backward  chaining  procedure, 
Figure  12,  panel  B,  had  a  much  smaller  range.   The  range  was 
from  x  1.48  to  x  1.54. 
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From  an  observation  of  Figure  12,  panels  C  and  D,  it  was 
clear  that  Subject  5's  improvement  indices  for  the  total  task 
procedure  had  a  greater  range  than  the  improvement  indices  for 
the  backward  chaining  procedure.   The  range  for  Subject  5's 
improvement  indices  for  the  total  task  procedure  was  from  x  1.48 
to  x  2.25.   Her  range  for  the  improvement  indices  for  the  back- 
ward chaining  procedure  was  from  x  1.87  to  x  1.93. 

It  is  clearly  evident  from  an  observation  of  Figure  12, 
panels  F  and  G,  that  Subject  2's  improvement  indices  for  the 
total  task  procedure  were  superior  to  her  improvement  indices 
for  the  backward  chaining  procedure.   There  was  a  x  1.6  improve- 
ment from  her  highest  backward  chaining  index  to  her  lowest 
total  task  index. 

Subject1 6's  improvement  indices  for  the  total  task  proce- 
dure, Figure  12,  panel  G,  were  also  plainly  discriminated  from 
his  improvement  indices  for  the  backward  chaining  procedure, 
Figure  12,  panel  H.   There  was  a  x  1.4  improvement  from  his 
high  backward  chaining  index  to  his  lowest  total  task  index. 

Subject  3's  improvement  indices  for  each  condition,  Figure 
12,  panels  I  and  J,  were  less  discriminable .   His  improvement 
indices  for  the  total  task  procedure  ranged  from  x  1.59  to  x 
1.98.   His  improvement  indices  for  the  backward  chaining  proce- 
dure ranged  from  x  1.63  to  x  1.72. 

From  an  observation  of  Figure  12,  panels  K  and  L,  it  is 
evident  that  Subject  7's  total  task  improvement  indices  had  a 
smaller  range  than  his  backward  chaining  improvement  indices. 
His  total  task  improvement  indices  ranged  from  x  1.78  to  x  2.93. 
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Subject  7's  backward  chaining  indices  ranged  from  x  2.07  to 
x  2.31. 

Subject  4's  improvement  indices  under  the  total  task 
condition,  Figure  12,  panel  M,  were  higher  than  her  improve- 
ment indices  under  the  backward  chaining  condition.   Subject 
4's  improvement  indices  for  the  total  task  procedure  ranged 
from  x  1.54  to  x  2.04.   Her  improvement  indices  for  the  back- 
ward chaining  procedure  ranged  from  x  1.49  to  x  1.53.   There 
was  a  x  1.0  difference  between  her  highest  backward  chaining 
index  and  her  lowest  total  task  index. 

There  was  a  discriminable  difference  between  Subject  8's 
total  task  improvement  indices  and  backward  chaining  indices. 
Her  lowest  total  task  index,  Figure  12,  panel  G,  was  x  2.4, 
better  than  her  highest  backward  chaining  index,  Figure  12, 
panel  P.   In  Table  5,  the  celerations  have  been  tabulated  for 
correct  and  incorrect  responses  as  well  as  for  the  improvement 
indices  for  each  of  the  eight  subjects  and  for  each  procedure. 

To  compare  the  total  improvement  index  of  the  backward 
chaining  procedure  to  the  total  improvement  index  of  the  total 
task  procedure  the  geometric  mean  of  both  procedures  was 
obtained.   It  was  found  that  the  geometric  mean  for  the  back- 
ward chaining  procedure  was  1.4590,  Figure  12,  panel  Q.   The 
geometric  mean  for  the  total  task  procedure  was  2.3189,  Figure 
12,  panel  R;  therefore,  the  total  task  procedure  for  all 
subjects  was  1.6  (x  1.5894)  better  than  the  backward  chaining 
procedure. 
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From  an  analysis  of  Figures  13,  14,  15,  and  16,  one  can 
observe  the  relationship  between  correct  and  incorrect  perfor- 
mance within  and  between  subjects  by  trial  pair.   When  correct 
celerations  and  incorrect  celerations  were  compared  by  subject 
and  by  trial  pair,  there  was  a  slight  detectable  difference 
between  Subject  l's  total  task  performance  across  trials  (see 
Figures  13,  14,  15,  and  16,  panel  A).   Her  trial  1  incorrect 
performance,  under  the  total  task  condition  appeared  to  be 
superior  (see  Figure  13,  panel  A)  to  her  other  incorrect  per- 
formance.  Her  backward  chaining  performance  across  trials  was 
not  detectably  different. 

Subject  5's  celeration  for  correct  responding  for  the 
total  task  procedure,  as  shown  in  Figure  13,  panel  B,  was 
slightly  higher  than  her  celeration  for  correct  responding  for 
the  total  task  procedure,  Figure  14,  panel  B.   From  an  obser- 
vation of  Figures  15  and  16,  panel  B,  it  was  evident  that 
Subject  5's  incorrect  celerations  for  the  total  task  were 
greater  for  the  trial  3  pair  than  for  the  trial  4  pair.   Her 
celerations  for  her  backward  chaining  performance  for  trial 
pairs  1  and  2  were  similar.   Her  celerations  for  backward 
chaining  performance  for  trial  pairs  3  and  4  were  similar, 
however  there  was  a  detectable  difference  between  trials  1  and 
2  and  3  and  4 . 

Subject  2's  celeration  for  correct  and  incorrect  perfor- 
mance for  the  total  task  procedure,  across  trials,  as  shown  in 
Figures  13,  14,  15,  and  16,  panel  C,  was  not  detectable.   Her 
celeration  performance  for  the  backward  chaining  procedure  for 
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correct  and  incorrect  responding  had  more  variation.   Subject 
2's  correct  celeration  under  the  backward  chaining  procedure, 
trial  2  (see  Figure  14,  panel  C)  ,  was  slightly  higher  than  her 
correct  celeration  for  the  backward  chaining  procedure  trial  1 
(see  Figure  13,  panel  C).   Her  incorrect  celeration  for  trial 
pairs  3  and  4,  Figures  15  and  16,  panel  C,  for  backward  chain- 
ing was  less  than  her  incorrect  celerations  for  trial  pairs 
1  and  2  as  shown  in  Figures  13  and  14,  panel  C. 

It  was  evident  that  from  an  examination  of  Figures  13,  14, 
15,  and  16,  panel  D,  that  Subject  6's  correct  celerations  for 
the  total  task  procedure  were  greater  for  trial  pairs  2,  3 
and  4  than  they  were  for  trial  pair  1.   His  incorrect  celera- 
tions for  the  backward  chaining  procedure  were  comparable 
across  trials. 

Subject  3's  correct  celeration  for  the  total  task  proce- 
dure, as  shown  in  Figure  13,  panel  E,  was  higher  than  his 
other  correct  celerations  for  the  total  task  procedure,  as 
shown  in  Figures  14,  15,  and  16,  panel  E.   His  incorrect 
celerations  of  the  total  task  procedure  (Figures  13,  14,  and 
15,  panel  E)  did  not  differ.   There  was  less  improvement  for 
incorrects  for  the  trial  4  pair  (Figure  16,  panel  E)  than 
trial  pairs  1,  2,  and  3  which  were  similar.   In  Subject  3's 
celerations  for  the  backward  chaining  procedure  for  correct 
and  incorrect  responding  there  was  more  variation  than  with 
the  total  task  procedure. 

Subject  7's  trial  3  pair,  as  shown  in  Figure  14,  panel 
F,  for  the  total  task  procedure,  for  incorrect  celerations, 
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differs  significantly  from  his  other  incorrect  celerations  for 
the  total  task  procedure  as  shown  in  Figures  13,  15,  and  16, 
panel  F.   From  an  analysis  of  Figure  16,  panel  F,  it  was 
evident  that  Subject  7's  incorrect  celerations  for  backward 
chaining  were  significantly  better  for  the  trial  4  pair  than 
for  his  other  incorrect  backward  chaining  celerations,  as 
shown  in  Figures  13,  14,  and  15,  panel  F. 

Subject  4's  celerations  for  correct  responding  for  the 
total  task  procedure,  as  shown  in  Figures  13,  14,  15,  and 
16,  panel  G,  differ  from  trial  to  trial.   Her  celerations  for 
incorrect  responding,  for  the  total  task  procedure,  for  trial 
pairs  2,  3,  and  4  (Figures  14,  15,  and  16,  panel  F)  were 
greater  than  for  trial  pair  1  (Figure  13,  panel  F) .   For  the 
backward  chaining  procedure,  Subject  4's  celerations  for  cor- 
rect and  incorrect  responding  between  pair  trials  1  and  2, 
as  shown  in  Figures  13  and  14,  panel  G,  were  similar.   Her 
celerations  for  pair  trials  3  and  4,  as  shown  in  Figures  15 
and  16,  panel  G,  were  similar;  however,  pair  trials  1  and  2 
(Figures  13  and  14,  panel  G)  differ  from  pair  trials  3  and 
4  for  the  backward  chaining  procedure. 

Subject  8's  correct  performance  celeration  for  the 
total  task  procedure,  as  shown  in  Figures  13,  14,  15  and 
16,  panel  H,  differs  significantly  from  all  other  subjects' 
performance  with  the  total  task  procedure.   When  comparing 
her  correct  celerations  for  the  total  task  procedure,  it 
was  evident  that  the  trial  1  celeration  was  higher  than 
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her  trial  4  celeration.   Her  overall  performance  was  least 
affected  by  the  backward  chaining  procedure.   From  an  obser- 
vation of  Figures  13,  14,  15,  and  16,  panel  H,  it  was  evident 
that  her  correct  celerations  were  higher  than  her  incorrect 
celerations  and  do  differ  only  slightly  from  trial  to  trial. 

The  result  was  the  same  as  with  the  first  comparison; 
the  correct  performance  of  most  subjects  was  affected  to 
a  greater  extent  by  the  total  task  procedure.   Incorrect 
performance  was  not  affected  significantly  by  either  proce- 
dure . 

From  a  review  of  the  three  celeration  comparisons,  it 
was  evident  that  the  correct  responding  of  all  subjects  was 
effected  to  a  greater  extent  by  the  total  task  procedure. 
Subjects'  incorrect  responding  was  not  differentially  affected 
by  either  procedure. 
Hypothesis  Two 

The  second  hypothesis  was  that  there  were  no  differences 
between  trials  to  criterion  for  subjects  when  backward  chain- 
ing or  total  task  presentation  was  used  to  teach  a  complex 
vocational  task  to  a  severely  or  profoundly  retarded  person. 

All  but  two  subjects  (i.e.,  Subject  6  and  Subject  8) 
reached  a  priori  criterion  level  of  six  complete  assemblies 
without  error  or  assistance  on  their  respective  task  (see 
Figure  9)  with  the  total  task  procedure.   One  subject  (Sub- 
ject 7)  had  progressed  to  step  7  on  his  respective  task  with 
the  backward  chaining  procedure  by  June  1. 

Subject  1  reached  criterion  on  the  gate  valve  in  56 
trials.   On  that  same  date  she  was  on  step  6  of  21  steps  in 
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backward  chaining  with  the  drain  assembly  (see  Appendix 
A,  Figures  2,  3,  5,  and  8). 

From  an  observation  of  Appendix  B,  Figures  1,  4,  6, 
and  7,  it  was  obvious  that  it  took  Subject  2  many  more  trials 
to  reach  criterion  than  it  took  Subject  1.   During  training 
necessary  stimulus  conditions  were  changed  that  enabled 
her  to  reach  criterion. 

Although  no  statement  can  be  made  about  a  functional 
relationship  between  the  deleting  of  the  first  two  steps 
of  the  task  analysis  and  her  acquisition  of  the  task,  the 
change  coupled  with  the  time  spent  in  training  had  a  high 
level  probability  of  accounting  for  the  change  in  her  behavior, 
Subject  2  reached  criterion  on  the  drain  assembly  after 
77  trials.   On  that  same  date,  in  the  backward  chaining 
procedure,  Subject  2  was  on  step  6  on  the  gate  valve. 

Subject  3  was  trained  on  the  drain  assembly  with  the 
total  task  procedure.   Ke  reached  the  criterion  of  six  com- 
plete drain  assemblies  without  error  or  assistance  in  25 
trials.   When  Subject  3  reached  criterion  on  the  total  task 
procedure,  he  was  on  step  2  of  the  gate  valve  with  the  back- 
ward chaining  procedure  (see  Appendix  C,  Figures  1,  4,  6 
and  7) . 

It  was  evident  from  an  inspection  of  Appendix  D,  Figures 
1  through  8  that  many  changes  were  necessary  to  accomodate 
Subject  4;  however,  the  changes  that  were  made  by  the  ex- 
perimenters were  successful.   She  eventually  performed  in 
the  original  environment  with  her  original  trainer. 
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One  week  after  the  experimenter  had  implemented  the 
training  procedures  using  both  total  task  and  backward  chain- 
ing, Subject  4  refused  to  go  to  the  training  room.   Prior 
to  this  absolute  refusal,  Subject  4  had  made  previous  state- 
ments about  not  wanting  to  go  to  training;  however,  she 
did  accompany  the  trainer  and  her  task  performance  had 
increased  both  in  rate  and  in  accuracy. 

On  day  11,  training  with  Subject  4  was  changed  to  her 
regular  prevocational  work  environment  (canteen) .   Trainers 
were  also  changed. 

Through  observation  of  Appendix  D,  Figure  2,  it  is 
evident  that  the  change  in  both  trainer  and  environment 
was  not  detrimental  to  Subject  4's  performance.   In  fact, 
there  was  no  change  in  incorrects,  but  the  rate  of  correct 
responses  improved  by  a  factor  of  x  1.7. 

Subject  4  reached  criterion  in  the  new  environment 
with  the  new  trainer.   In  total,  from  the  day  the  total 
task  procedure  was  implemented,  it  took  Subject  4  30  trials 
to  reach  criterion.   At  that  same  time,  Subject  4  was  on 
step  4  of  the  drain  assembly  with  the  backward  chaining  pro- 
cedure.  Eventually,  she  was  reintroduced  to  her  previous 
training  environment  with  her  previous  trainer. 

Subject  5  reached  criterion  on  the  gate  valve  with 
the  total  task  procedure  in  20  trials.   From  an  observation 
of  Appendix  E,  Figures  1,  4,  6,  and  7,  it  was  evident  that 
Subject  5  displayed  the  variability  of  trying  to  put  the 
first  two  pieces  of  the  gate  valve  (stem  and  washer)  together, 
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as  opposed  to  following  the  first  two  predetermined  steps 
(i.e.,  bring  out  left  hand  stock,  bring  out  right  hand  stock) 
on  the  third  day  of  training.   At  the  time  Subject  5  reached 
criterion  on  the  gate  valve  using  the  total  task  procedure, 
she  was  on  step  3  of  the  drain  assembly  with  the  backward 
chaining  presentation. 

Subject  6  did  not  reach  the  predetermined  criterion 
on  the  drain  assembly  with  the  total  task  procedure.   The 
experimenters  have  continued  his  training  past  the  arbitrary 
cut-off  point  of  June  1. 

From  an  observation  of  Appendix  F,  Figures  1,  4,  6, 
and  7,  it  is  clear  that  Subject  6's  correct  performance 
in  all  cases  was  above  his  incorrect  performance  by  the 
time  training  was  terminated.   Subject  6  did  not  display 
the  variability  of  wanting  to  put  the  first  two  pieces  of 
the  drain  (i.e.,  the  drain  head  and  rubber  washer)  together 
as  the  first  two  steps.   The  trainer  continued  to  follow 
the  prescribed  task  analysis;  however,  Subject  6  was  not 
getting  the  first  two  steps  either.   On  June  1  a  change 
was  made  in  Subject  6's  training  sequence.   The  first  two 
steps  were  deleted  from  his  total  task  training.   Through 
inspection  of  Figures  1,  4,  5,  and  7  of  Appendix  F,  it  can 
be  seen  that  in  all  but  one  case,  Figure  7,  Subject  6's 
rates  increased  after  the  change.   Although  a  conclusive 
statement  concerning  a  functional  relationship  between  Subject 
6's  increased  rates  and  the  change  in  steps  cannot  be  made, 
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the  probability  of  that  relationship  being  functional  was 
increased  by  an  immeasurable  factor  because  of  the  three 
independent  affirmations. 

Even  though  Subject  6's  training  continued  past  June  1 
and  he  had  at  least  three  trials  where  he  made  only  one 
error,  he  did  not  demonstrate  100%  accuracy  at  any  time 
during  his  training. 

At  the  end  of  the  prescribed  training  period  (June  1, 
1980)  ,  Subject  6  was  on  step  3  of  the  gate  valve  with  the 
backward  chaining  procedure.   As  of  June  19  he  was  on  step  5 
of  the  gate  valve  with  the  backward  chaining  procedure. 

Subject  7  reached  criterion  on  the  drain  assembly  with 
the  total  task  procedure  in  16  trials.   He  reached  criterion 
in  fewer  trials  than  any  other  subject,  regardless  of  task. 
Subject  7  had  just  been  introduced  to  step  2  with  the  gate 
valve  and  the  backward  chaining  procedure.   Subject  7  did 
not  voluntarily  display  the  variability  of  wanting  to  put 
the  first  two  steps  of  the  drain  assembly  together  until 
after  he  had  reached  the  predetermined  criterion  (see  Appen- 
dix G,  Figures  2,  3,  5  and  8) .   Once  the  first  two  steps 
were  deleted,  his  rate  increased,  in  all  trials  under  the 
total  task  condition.   In  all  cases,  except  one,  his  accuracy 
remained  the  same--100%. 

Similar  to  Subject  6,  Subject  8  did  not  reach  predeter- 
mined criterion  on  the  gate  valve  with  the  total  task  procedure 
As  of   June  1,  Subject  8  was  on  step  3  of  the  drain  assembly 
with  the  backward  chaining  procedure.   Subject  8's  training 
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continued  past  the  June  1  cut-off  date;  however,  after 
additional  training  sessions  he  was  unable  to  reach  criterion. 

From  examination  of  Appendix  H,  Figures  2,  3,  5,  and 
8,  it  is  clearly  evident  that  Subject  8  was  making  errors; 
however,  by  June  1,  her  correct  performance  was  above  her 
incorrect  performance.   Subject  8  continued  to  have  two 
major  trouble  spots.   The  first  point  of  difficulty  was 
that  she  repeatedly  continued  to  attempt  to  seat  the  valve 
for  the  gate  on  the  wrong  end  of  the  stem.   After  she  was 
given  a  verbal  prompt,  "other  end,"  she  placed  the  piece 
correctly;  however,  her  first  attempt  was  always  to  put 
the  valve  on  the  wrong  end. 

A  procedural  change  was  made  in  her  program  effective 
June  9.   (The  change  was  to  physically  assist  Subject  8 
to  hold  the  stem  in  the  appropriate  position  and  to  gradually 
fade  the  trainer  assistance.)   It  was  not  established  that 
this  intervention  facilitated  the  correct  movement. 

The  second  point  of  difficulty  was  that  Subject  8  did 
not  thread  the  pieces  (i.e.,  stem  to  housing  and  large  nut 
to  stem)  tight  enough  to  be  considered  correct.   Her  failure 
to  perform  these  steps  correctly  resulted  in  two  incorrect 
steps.   No  specific  change  was  made  in  the  procedure  to 
remediate  this  problem. 

Subject  8  is  prone  to  seizures  which  were  stated  as 
being  brought  on  by  the  intense  sunlight  and  high  humidity. 
Due  to  the  potential  seizure  Subject  8's  training  sessions 
were  continued  on  her  cottage.   Her  performance  on  the  cot- 
tage was  unaffected  by  the  change  in  environment. 
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In  sum  all  but  two  subjects  reached  the  a  priori  cri- 
terion with  the  total  task  procedure.   No  subject  reached 
criterion  with  the  backward  chaining  procedure. 
Summary  of  Results 

Through  an  examination  of  data  relevant  to  the  hypotheses 
of  the  study,  it  was  found  that  the  total  task  procedure  was 
superior  to  the  backward  chaining  procedure.   In  examining 
the  celerations  of  the  subject  performance  under  both  pro- 
cedures, it  was  found  that  (a)  correct  performance  was  influ- 
enced to  a  greater  extent  by  the  total  task  procedure  than 
the  backward  chaining  procedure;  (b)  incorrect  performance 
was  not  differentially  affected  by  either  procedure;  and 
(c)  the  improvement  index  for  the  total  task  procedure,  for 
all  subjects,  was  superior  to  the  improvement  index  for  the 
backward  chaining  procedure  for  all  subjects. 

In  examining  the  trials  to  criterion,  it  was  found  that 
no  subjects  reached  the  a  priori  criterion  on  their  respec- 
tive task  with  the  backward  chaining  procedure.   All  but 
two  subjects  reached  criterion  on  their  respective  task 
using  the  total  task  procedure. 


CHAPTER  V 
DISCUSSION 

The  purpose  of  this  study  was  to  compare  the  effective- 
ness and  efficiency  of  a  backward  chaining  procedure  and  a 
total  task  procedure  when  a  severely  or  profoundly  retarded 
individual  learned  to  complete  a  complex  assembly  task. 
Authors  of  research  pertaining  to  the  two  procedures  have 
found  both  procedures  to  be  effective  when  used  in  isolation. 
An  empirical  determination  of  the  effectiveness  and  efficiency 
of  these  two  procedures  will  not  only  help  researchers  and 
practitioners,  but  also  will  help  trainers  to  teach  severely 
and  profoundly  retarded  persons  complex  tasks  at  faster 
rates. 
Review  of  the  Literature 

Researchers  have  shown  that  when  the  total  task  procedure 
and  the  backward  chaining  procedure  have  been  used  in  isola- 
tion, both  procedures  have  been  effective.   Severely  and 
profoundly  retarded  persons  have  not  only  acquired  vocational 
skill,  but  also  self-help  skills  when  investigators  have 
used  either  procedure. 

When  investigators  have  compared  the  backward  chaining 
procedure  to  the  total  task  procedure  the  results  have  been 
unclear.   Not  only  were  the  results  unclear  when  retarded 
persons  were  used  as  the  subjects,  but  also  when  persons 
of  normal  intelligence  were  used  as  the  subjects. 
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Investigators  appear  to  be  directed  to  use  one  procedure 
in  favor  of  the  other  procedure  by  a  stimulus  other  than 
data.   It  is  unclear,  at  this  time,  as  to  the  nature  of  this 
stimulus . 
Review  of  Hypotheses 

In  this  study  two  hypotheses  were  examined.   The  first 
hypothesis  was  the  celeration  that  was  produced  by  subject 
performance  under  the  two  procedures  of  total  task  and  back- 
ward chaining.   The  second  hypothesis  was  the  trials  that 
a  subject  needed  to  reach  criterion  with  both  procedures. 
It  was  proposed  that  there  would  be  no  differences  in  subject 
performance  for  both  hypotheses. 
Review  of  Methods 

Subjects  in  the  study  were  eight  severely  and  profoundly 
retarded  persons  of  a  residential  facility  in  Florida.   These 
eight  subjects  were  randomly  selected  from  a  pool  of  subjects 
meeting  the  investigator's  selection  criteria.   The  process 
of  informed  consent  was  used  to  obtain  the  participants  for 
the  study. 

Each  subject  was  trained  to  assemble  a  gate  valve  and  a 
drain  assembly  by  either  the  backward  chaining  procedure  or 
the  total  task  procedure.   Each  subject  received  each  task 
and  each  procedure.   The  tasks  and  procedures  were  counter- 
balanced and  there  was  no  order  effect. 

The  investigator  with  the  aid  of  an  additional  trainer 
collected  the  data.   Based  on  daily  examination  of  the  data, 
decisions  for  changes  in  training  procedures  were  made  by  the 
trainers . 
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The  experimenters  collected  data  for  a  period  of  nine 
weeks,  seven  days  a  week.   Visual  inspection  was  the  primary 
method  by  which  the  data  were  analyzed  on  a  day-to-day  basis. 
A  quantitative  analysis  was  used,  post  hoc,  to  verify  the 
visual  analysis. 
Summary  of  Findings 

In  an  analysis  of  the  data  relevant  to  the  two  hypotheses, 
it  was  found  that  not  only  were  the  subjects'  celerations 
superior  under  the  total  task  condition,  but  also  the  subjects 
reached  criterion  faster  when  responding  was  controlled  by  the 
total   task  procedure.   In  examining  the  family  of  celerations 
for  correct  and  incorrect  responding  by  subject,  it  was  found 
that  the  total  task  procedure  had  a  superior  affect  on  correct 
performance.   When  incorrect  responding  was  examined,  it  was 
found  that  neither  procedure  differentially  affected  subject 
responding. 

In  a  further  analysis  of  the  celeration  improvement 
indices  it  was  found  that  responding  for  two  subjects  and 
their  replicate  subjects  was  significantly  superior  under 
the  total  task  procedure.   When  all  subjects'  improvement 
indices  using  the  total  task  procedure  were  compared  to  all 
subjects'  improvement  indices  using  the  backward  chaining 
procedure,  the  total  task  procedure  was  found  to  be  superior 
by  a  factor  of  x  1.6. 

From  an  analysis  of  correct  and  incorrect  responding 
by  subject  and  by  trial  pair,  one  can  visualize  the  superi- 
ority of  the  total  task  procedure. 
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Interpretation  of  the  Findings  and  Literature  Support 

In  59  of  64  cases  the  subjects'  assembly  performance 
using  the  total  task  procedure  was  superior.   This  finding  is 
countered  by  that  of  Patterson  et  al .  (Note  4),  who  stated 
that  there  was  no  significant  difference  between  the  two 
procedures.   In  addition,  Walls  et  al .  (in  press)  found  that 
the  backward  chaining  procedure  was  superior  to  the  total 
task  procedure. 

Similarly,  Gold,  Bellamy,  Vogelsberg,  and  Boyd  (Bellamy, 
Note  7;  Gold,  Note  8;  Vogelsberg,  Notes  9  and  10;  Boyd,  Note 
11)  were  not  optimistic  about  finding  an  effect  with  either 
procedure.   These  researchers'  results  and  personal  communi- 
cations had  a  significant  affect  on  this  investigator's 
responding  prior  to  the  undertaking  of  the  research  project. 

There  could  be  several  potential  underlying  reasons 
for  the  efficacy  of  the  total  task  procedure.   The  reason 
that  would  be  the  most  pertinent  to  this  investigation  would 
be  related  to  the  density  of  reinforcement. 

Initially,  when  a  subject  is  trained  by  both  a  total 
task  procedure  and  a  backward  chaining  procedure,  there  is 
more  opportunity  to  contact  reinforcement.   These  reinforcers 
are  both  primary  and  secondary  reinforcers.   Gold  (Note  5) 
stated  that  the  complex  task  itself   is  a  reinforcer  because 
of  its  manipulative  mechanical  nature. 

It  can  be  concluded  that,  although  the  subjects  in  this 
study  had  extensive  behavioral  histories,  the  skills  necessary 
to  successfully  assemble  either  task  were  not  in  the  subjects' 
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repertoire.   The  novelty  of  the  complexity  was  another  stim- 
ulus that  could  have  been  reinforcing. 

Amount  of  trainer  attention  during  a  session  was  a 
potential  source  of  reinforcement.   In  the  total  task  pro- 
cedure the  learner  has  more  contact  time  with  the  trainer  in 
the  early  part  of  training.   Initially  there  was  less  trainer 
contact  with  the  subject  while  training  was  in  progress  with 
the  backward  chaining  procedure. 

Reynolds  (1975)  defined  a  reinforcer  as  a  stimulus  that 
follows  a  response  that  will  increase  the  rate  of  the  behavior 
Even  thought  the  subjects  were  magazine  trained  to  insure  the 
selection  of  an  appropriate  reinforcer  for  each  individual 
subject,  there  appears  to  be  other  opportunities  for  the  sub- 
ject to  earn  other  reinforcers,  be  it  the  time  with  the 
trainer,  the  task  itself,  the  initial  novelty  of  the  task. 
These  sources  of  reinforcement  and  perhaps  other  unidentified 
reinforcers  appear  to  be  effective. 

Although  the  data  in  this  investigation  are  convincing, 
many  investigators  would  argue  that  with  other  tasks  and 
other  subjects  the  same  powerful  convincing  result  would  not 
be  obtained.   These  issues  are  considered  in  suggestions  for 
future  research. 
Problems  and  Limitations 

There  were  several  problems  and  limitations  that  should 
be  considered  when  interpreting  the  results  of  this  research 
study.   Although  the  trainers  spent  at  least  56  consecutive 
days  in  training,  the  greatest  limiting  factor  was  time.   Due 
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to  the  time  limitation  no  subject  reached  criterion  on  his/her 
respective  task  with  the  backward  chaining  procedure.   The 
major  factor  limiting  the  two  subjects  (Subjects  6  and  8) 
that  failed  to  reach  criterion  on  their  respective  tasks,  with 
the  total  task  procedure,  was  time. 

Another  problem  was  the  principal  investigator's  limited 
practical  experience  with  the  Standard  Behavior  Chart.   Had 
the  principal  investigator  realized,  a  priori,  the  difficulty 
of  depicting  six  consecutive  correct  trials  on  eight  consecu- 
tive charts,  the  procedure  would  have  been  altered.   In  order 
to  make  keeping  track  of  consecutive  correct  responses  easier 
the  principal  investigator  created  a  score  card  system.   An 
alternative  to  the  score  card  system  would  have  been  so  many 
consecutive  correct  responses  per  chart,  for  so  many  charts 
(i.e.,  two  correct  responses  for  two  consecutive  charts). 
Practical  Implications 

There  are  a  number  of  practical  implications  that  can 
be  derived  from  the  findings  of  this  study.   The  researcher 
as  well  as  those  involved  in  the  everyday  training  of  severely 
and  profoundly  retarded  persons  can  benefit  from  the  results 
of  this  investigation. 

Researchers  should  begin  to  systematically  identify 
the  potential  sources  of  reinforcement  that  appear  to  be 
inherent  in  the  interaction  among  the  learner,  the  trainer,  and 
the  total  task  procedure.   Once  these  variables  have  been  iden- 
tified, the  next  step  is  control.   The  researcher's  opportuni- 
ties for  a  multitude  of  future  investigations  are  also  enhanced 
by  the  findings  of  this  study. 
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Practitioners  should  seriously  consider  the  cost  benefit 
of  procedures  that  are  used  in  training.   The  systematic 
training  of  severely  and  profoundly  retarded  persons  is 
imperative.   Practitioners  need  effective  and  efficient 
training  procedures  that  can  realistically  be  conducted  with 
given  fiscal  restraints. 

A  trainer  that  can  maximize  the  effective  delivery  of 
reinforcers  in  a  period  of  training  less  than  six  minutes  long 
has  an  effective  and  efficient  training  procedure.   With 
training  sessions  that  last  less  than  six  minutes  many  sessions 
could  be  scheduled  not  only  with  one  client,  but  also  with 
several  clients  independently  during  the  period  of  an  eight- 
hour  shift. 

Trainers  should  also  be  persuaded  by  the  direct  and  con- 
tinuous measurement  strategy  that  was  used  in  this  study. 
The  day-tc-day  decisions  that  practitioners  make  which  are 
necessary  to  effectively  enhance  the  quality  of  training  for 
severely  and  profoundly  retarded  persons,  are  guided  by  the 
data.   Data  are  a  strong  source  of  control  for  any  training 
endeavor. 
Suggestions  for  Future  Research 

Through  the  process  of  conducting  the  foregoing  research, 
it  is  evident  that  there  are  almost  an  unlimited  number  of 
research  questions  related  to  the  effectiveness  and  effi- 
ciency of  training  paradigms  for  severely  and  profoundly 
retarded  persons.   Research  is  needed  before  one  can  fully 
understand  the  relationships  of  backward  or  forward  chaining 
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and  total  task  presentation  to  the  skill  acquisition  of 
severely  and  profoundly  retarded  individuals. 

The  first  requirement  of  any  science  is  that  of  replica- 
tion, the  soundest  empirical  test  of  reliabiltiy  (Sidman, 
1960).   Operant  procedures  are  particularly  well  tailored 
for  replication.   Operant  procedures  can  be  replicated  easily 
for  four  major  reasons.   The  first  reason  is  that   of  the 
reliance  on  experimental  control.   Another  reason  is  that 
a  great  number  of  observations  are  made  on  relatively  few 
subjects.   A  third  reason  is  the  strategy  of  holding  many 
variables  constant,  while  manipulating  only  one  variable. 
A  fourth  reason  is  because  of  the  technologically  exact 
descriptions  of  the  procedure (s) . 

Through  the  use  of  systematic  replication  (Sidman, 
1960),  one  may  extend  the  generality  of  the  present  study. 
First,  replications  with  other  severely  and  profoundly  re- 
tarded persons  will  extend  the  generality  of  the  present 
findings . 

Second,  replications  with  younger  adolescents  (i.e., 
13-18  years)  is  of  utmost  importance  for  understanding  the 
generality  of  the  present  results  for  younger  severely  and 
profoundly  retarded  adolescents.   There  is  a  need  to  determine 
with  other  severely  handicapped  persons  and  younger  adoles- 
cents, not  only  the  generality  of  the  functional  relations 
of  this  study,  but  also  the  general  usefulness  of  the  experi- 
mental methods.   Another  replication  is  the  use  of  different 
complex  vocational  tasks  with  a  similar  subject  population. 
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Will  the  total  task  procedure  be  as  effective  with  other 
complex  tasks  (e.g.,  bicycle  brake  assembly,  circuit  board 
assembly)?   A  fourth  replication  would  be  to  use  naive  trainers 
as  the  transducers  of  the  states  of  nature  with  the  same 
complex  tasks  and  severely  and  profoundly  retarded  persons. 

A  subsequent  replication  would  be  the  effect  of  studying 
Bellamy  et  al.'s  (1979)  suggestions  for  the  training  of 
difficult  steps  versus  delineating  a  more  specific  content 
analysis  for  the  difficult  step(s)  (Gold,  1976).   Difficult 
steps  are  defined  by  the  learners'  inability  to  learn  some 
step(s)  of  the  content  task  analysis.   Bellamy  et  al .  suggest 
removing  that  "difficult  step"  from  the  operant  chain,  pro- 
viding the  necessary  discriminative  stimuli  (S  )  for  the 
"difficult  step"  training  that  step  in  a  separate  series 
of  massed  trials,  and  then  placing  that  learned  step  into 
the  "flowing"  operant  chain. 

Other  research  questions  outside  the  realm  of  systematic 
replication  have  also  been  disclosed  by  the  present  research 
study.   For  example,  can  the  stages  of  learning  (i.e.,  acquisi- 
tion, fluency,  generalization,  and  adaptation)  discussed 
by  Haring  and  Eaton  (1978)  be  generalized  to  severely  and 
profoundly  retarded  learners?   Haring  (1979)  stated  that 
these  stages  of  learning  may  be  generalized  to  at  least 
a  portion  of  the  severely  handicapped  population. 

A  second  question  is  the  efficacy  of  primary  reinforcers 
in  studying  the  rate  of  acquisition  on  complex  vocational 
tasks  by  learners  that  are  labeled  severely  or  profoundly 
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retarded.   At  present,  there  is  a  controversy  in  the  field 
of  vocational  habilitation. 

There  are  researchers  and  practitioners  that  side  with 
Gold  (1976)  that  the  complex  tasks  themselves  are  reinforcing 
and  primary  reinforcers  (e.g.,  edibles)  are  not  necessary. 
On  the  other  hand,  there  are  researchers  and  practitioners 
who  suggest  that  the  tasks  gain  their  reinforcing  qualities 
(i.e.,  conditioned  reinforcers)  through  the  pairing  of  the 
tasks  with  the  primary  reinforcer  (Pennypacker ,  Note  6). 
The  answer  to  this  question  would  be  an  important  contribu- 
tion to  the  training  of  individuals  that  are  severely  and 
profoundly  retarded. 

Yet  another  research  question  would  be  how  to  obtain  a 
sufficient  steady  state  of  responding  on  subsequent  subjects 
with  behaviors  similar  to  Subject  7b  (i.e.,  hitting  the 
trainer  and  throwing  the  pieces).   Cuvo ' s  (1979)  response 
of  a  limited  number  of  steady  baseline  data  points,  when 
implementing  instructional  procedures  that  are  assessed  via 
a  multiple  baseline  design  is  one  possible  solution. 
Summary  of  Future  Research 

It  is  evident  that  the  potential  to  carry  out  these  sugges- 
tions for  future  research  is  a  valid  effort  to  improve  the 
delivery  of  vocational  service  to  severely  and  profoundly 
retarded  persons.   Their  ability  to  perform  complex  work  in 
the  least  restrictive  environment  could  enhance  the  probability 
of  their  contributions  to  society. 
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